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I am ambitious to extend and improve the social condition of 
locomotive drivers by placing within their reach a standard 
test of capacity that will be unaffected by local or temporary 
prejudices, fancies, fashions, or accidental connections. 

It appears to me that our enginemen of to-day will be to 
those of the next century what " Puffing Billy " in 1825 is 
to the " Monarch of Speed " in 1877. I hold a very strong 
opinion that our enginemen may be stripped of old habits 
and customs by self-help and self-reliance, and developed 
into a high state of efficiency. In carrying out such a 
measure of progress, difficulties, no doubt, which usually 
attend the work of reformation, will crop up ; and many 
disappointments await the pioneer. The engine is ahead 
of the engineman — all the hard scheming, comparatively 
speaking, is done; but the engineman remains where he 
was in George Stephenson's time, and his stationary condi- 
tion jars with his surroundings. 

I propose to introduce certificates for locomotive drivers, 
which will in my opinion be an efficacious method of cele- 
brating and crowning the great and mighty work of Stephen- 
son, who particularly watched over the craft (enginemen), 
and was, I am informed, in his element when he was with 
them. One can easily understand this, for he was himself 
originally an engine-driver. 

By means of certificates of proficiency I hope to see the 
vocation of engine-driver brought up to the standard of what, 
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I think, Stephenson would have worked it to, liad he lived 
longer. He would have made every possible provision for 
the recognition of ability, and for giving enginemen a fair 
opportunity of advancing with the engine and with the 
times. By such means each man would develop the 
brightest tints of his nature ; and I see no reason why such 
anticipations should not come to maturity in the region of 

The Ufa of engine -driving has in recent years undergone 
groat changes for the better. In the improvements of engines 
and in personal comforts, introduced even during the last 
twenty years, locomotive enginemen may find much upon 
which to congratulate themselves. But — to summarise their 
experience — it has consisted of labour and bustle without 
progress. This unsatisfactory condition of things may, it is 
anticipated, be amended by the institution of certificates, 
with the encouragement of corresponding degrees of rank 
and of special uniforms. Certificates of examination afford 
a useful means of gauging a man's capacity, when one might 
otherwise bo deceived by appearances. 

My object in writing this work has been to communicate 
that species of knowledge which it is necessary for an engine- 
driver to possess who aspires to take high rank on the foot- 
plate, and to win a certificate of the first class. In the first 
part the elements of the locomotive are described, the 
general working conditions are specified, the principles and 
methods of inspection are elaborately set forth, and the 
causes of failure are analyzed and exposed. Moreover, 
the various duties of an engine-driver, from the moment 
that he enters the running-shed until he returns to it, are 
completely but concisely explained ; whilst the duties and 
the training of a fireman are described with much detail, 
and the principles of the management of the fire — not an 
easy problom — are very fully investigated. 

With a brief notice of the arithmetical probloms which 
most usually como within the range of an engine-driver's 
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practice, the scientific principles of expansion, combustion, 
&c, involved in his practice, are explained. 

Finally, the groundwork of examination for first-class, 
second-class, and third-class certificates of proficiency is 
succinctly set forth ; to which is added a carefully compiled 
collection of regulations for enginemen and firemen. 

Extracts from the General Acts of Parliament for the 
Regulation of Bailways are added in an Appendix. 

Michael Reynolds. 
Bkighton: August, 1877. 



NOTE. 

I have had much pleasure in revising the text of this work t 
the production of Mr. Reynolds. It contains a body of original 
matter, in a fresh field of literature, which carries with it the 
charm of novelty, as well as the more lasting attraction of solid 
utility. Many engineers will perceive in its pages the reflection 
of their own expedience ; and it may be questioned whether the 
business of a locomotive-engine driver could have been better 
presented, by a practical man, for the instruction of the engineers 
and firemen of the United Kingdom, 

D. K. Clark. 
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* T is my high privilege to thank most sincerely locomotive 
e ngineers and firemen, the press and the public, for their 
he lp and patronage in making "Locomotive Driving " a 
practical success. 

Short of eight months since, the first edition was issued, 
*° take its chance — to rise or fall. I sometimes fancied it 
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would live and thrive ; at other seasons I thought it would 
die by the " Gorgon visage of neglect," for in its manuscript 
form it was unheeded by some, and set aside by others ; 
and it had no friends. It was harshly judged, and wearily 
I wrapped it in brown paper, and laid it on a shelf, where 
it remained for a considerable length of time. But, when a 
lad, I had read of Columbus strolling as far as the gate cf 
the Convent Juan Perez de Marchena to talk with the Prior 
about the vast continent beyond the Atlantic, of the spheri- 
cal form of the earth, of the construction of maps, and of 
other subjects, and I remembered how the Prior " shut him 
up," and how it turned out in the end that the Prior was 
wrong — very much wrong — and Columbus was right. I 
never forgot the story. So I flung aside uncharitable 
thoughts, and fetched the manuscript down off the shelf, 
hoped for the best, and found a discriminating and active 
publisher. Result : Success. I have been blamed for writing 
ft book: — Found guilty of scattering light where there 
Fas no light. However, "Locomotive Driving," as is evi- 
dent from the great demand for the work, and from the 
large number of letters I have received from all parts of the 
globe — supplied a want, proved of assistance to many ; and 
this is my great reward. 

This, the third edition, like its predecessors, has been 
revised by Mr. D. K. Clark, the eminent author of " Railway 
Machinery," and other works. 

Much additional information is contained in this edition, 

more especially in the "Key to the Locomotive Engine," 

which will, I hope, be of assistance to every person whose 

avocation necessitates a thorough knowledge of a locomotive 

engine. I hope also that the other extra matter supplied 

~^ll prove acceptable to the young engineer. It will, I be- 

naterially assist him in mastering the technical language 

ad in the profession. 

Michael Reynolds. 
w : May, 1878. 
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LOCOMOTIVE -ENGINE DEIYING. 



INTRODUCTORY CHAPTER. 

" I love," says Elihu Burritt, writing about the loco- 
motive engine, " to see one of those huge creatures, 
with sinews of brass and muscles of iron, strut forth 
from his stable and, saluting the train of cars with a 
dozen sonorous puffs from his iron nostrils, fall back 
gently into his harness. 

" There he stands champering and foaming upon the 
iron track, his great heart a furnace of glowing coals, 
bis lymphatic blood boiling within his veins, the 
strength of a thousand horses is nerving his sinews, he 
pants to be gone. He would drag St. Peter's across 
the desert of Sahara if he could be hitched on." 

This is a fortunate hour for locomotive drivers, for, 
on all the great lines of railways, most of the engines 
attached to swift and important trains are, in design 
and workmanship, the best that have been placed upon 
the metals. 

The grand aims and achievements of locomotive super- 
intendents, are, without controversy, in the interests of 

B 
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the driver and fireman, not only in respect to the mag- 
nificent engines entrusted to their charge, but also with 
regard to matters appertaining to the engine-shed. 
Whether inside or outside, the progress that has been 
made is conducive to their comfort, health, and cleanli- 
ness. 

The general introduction of the " cab " in locomo- 
tives is in itself a great boon ; bnt, excellent as it is, 
it is surpassed, and is lost in the background, when 
we glance at the great improvements which have been 
made during the last few years in the construction of 
engines which are thorough masters of their loads. 

An engine may be equipped with every imaginable 
modern improvement, but if unprovided with a good 
margin of power for extra traffic in its tubes and fire- 
box — that is in its heating surface — it is sure, whatever 
else there may be good about it, to reflect somewhat 
upon the abilities of its designer. 

There is, however, no more pleasant fact to contem- 
plate in connection with the practice of modern loco- 
motive builders than this: they have unanimously 
endeavoured to combine, in one machine, a fine boiler 
with ample heating surface, direct connection between 
the cylinders and crank- axle, and a simplicity of 
arrangement that borders upon art. What is equally 
commendable, they have made the boiler quite inde- 
pendent of the frame, and free from the strain of the 
tractive power — conditions which are most conducive 
to the duration of the boiler and also to that of the 
engine. 

Such splendid engines as are seen nowadays with 
all the "crack" trains — master-steeds "champering" 
and foaming about the iron track, having over a 
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'ioosand square feet of heating surface, easily managed 

"nder cover of the cab, and fitted with steam brakes — 

a **e fucts about which engine-drivers may safely talk, 

a *id upon which they may congratulate each other, 

taking their calling to-day pleasanter than it has ever 

b ^«2a since 1825, 

~Tery well, such are facts ; but it is seen, recognised, 
<i commented upon, by those whose authority to speak 
f^^m experience in such matters none can dispute, that 
^*- ^ progress of the locomotive is ahead of that of the 
~* ^fineman. Think you, if to-day a separation were 
^de, on every line, of the drivers who could set their 
er: *-^'ine8 for testing the valves and pistons from those 
_fc»o could not do eo, would the numbers be equal? 
^~*Dw many could explain the benefits of lap and lead ? 
^idd ten out of a hundred give an explanation why 
*ie slide-block rubs against the top slide-bar when the 
ej Agine goes first, and not on the bottom bar ? and why 
^•oe slide-block rubB on the bottom bar going tender 
*itBt P And what of the action of the blast and of the 
injector ? What of the laws that govern the combus- 
tion of coal in the fire-box ? 

The above, and many other questions of equal im- 
portance, a knowledge of which is calculated to send a 
man along the path of progress, are awaiting solution 
by young drivers; for they ought to possess this know- 
ledge at the onset of their career, and they should not 
be left to discover it for themselves, at hazard, only 
through unforeseen or accidental circumstances, spread 
over long periods of time. 

Reticence on the part of the older drivers has 
always been a difficulty in the path of the younger 
ones. " I had to find it out through fines " — gold and 
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silver probably — "you must do tbe same," said an old 
engineman to another, in answer to a question ; and 
what experience had taught the elder one he very de- 
voutly consecrated to the god self. Is not this a com- 
mon feature, and a fact of every-day occurrence P 

It is not an unusual occurrence that a fireman pre- 
sents himself before his euperin ten dent to pass fop the 
position of driver who is totally in the dark respecting 
the manner of testing the pistons, or how the difference 
between the leaking of a piston and that of a valve is 
distinguished ; notwithstanding that he may have been 
for several years upon the foot-plate, and may have fired 
for "tip-top" enginemen on "crack" locomotives, 
attached to important trains. 

Such is the case, and the deficiency of knowledge 
awaits a speedy and effectual remedy in this age of 
keen investigation. "Without inquiry and investigation, 
which lead up to distinction, men are even in this, as 
in many other departments of life, left out in the cold. 
There is, happily, an inquisitive spirit abroad on rail- 
ways, and there are signs of improvement everywhere. 
The tide, which has brooded over whole acres of intel- 
lectual worth, is now on the ebb ; marks of progress are 
visible, and there is hope for the future. 

Upon all railroads there is plenty of genuine, solid, 
old Teutonic pluck ; there are men as persevering and 
as fearlesB of toil and struggle as ever broke bread, 
who, in thousands of instances, have made hair-breadth 
escapes in order to reach the driver's handle — the only 
object of their earthly ambition. For this — and be it 
remembered it is sometimes taken from them by the 
hand of sudden death almost directly after it is 
attained — they pull hard and long, through winters 
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rand summers, in wind and in rain, in the stillness 
of night, in lightnings and thunder ; at all times, 
while on duty, surrounded by hidden dangers, inse- 
parable from life on the foot-plate. Such are a few of 
the vicissitudes in the lives of our locomotive drivers, 
calling forth no inferior quality of pluck, endurance, 
and courage. 

No one can be a locomotive driver, whatever he may 
imagine, on any other terms than fearless toil. There 
is no " royal road " to the lever. Promotion is really 
and of necessity a matter of so many hundred thou- 
sand miles running with a moderate amount of nous. 
Though the way to the lever cannot be learned from 
books, still it must be acknowledged that a deal may 
be told which probably may assist, at the least, in pre- 
serving industry from being misapplied. The atmo- 
sphere of the foot-plate is a strong solution of books, 
and nothing whatever is learned there without close 
observation. 

Dr. Smollett, in prefacing his translation of M. Le 
Sage's incomparable " Gil Bias," entertains his readers 
with a story that illustrates the nature of the philo- 
sophy which supplies the key to unlock and to obtain 
possession of locomotive knowledge. 

Two scholars were travelling from Pannafiel to Sala- 
manca, and, being fatigued and thirsty, they sat down 
by the side of a spring. After resting awhile, and 
Laving quenched their thirst, one of them perceived 
some letters engraved on a stone. After washing it they 
both read those words in the Castillian tongue, " Aqui 
esta encerrada el alma del Licentiate Pedro Garcias." 

The elder of the two no sooner read the inscription, 
— which is, in English, "Here is interred the soul of 
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the Licentiate Pedro Garcias"- — than, he cried out, "A 
good joke, i' faith ! Here is interred a soul t A soul 
interred ! Who on earth could be the author of such an 
epitaph?" and he arose and wont on his journey. 
His companion, although younger, was blessed with a 
greater share of penetration, and stayed behind, resolved 
to discover the meaning of the strange writing. With 
his knife he digged around the stone, and succeeded so 
well that he got it up and found beneath it a leathern 
purse containing 100 ducats, and a card on which was 
written, " Whosoever thou art that hath wit enough to 
discover the meaning of the inscription, inherit my 
money." The lad replaced the stone, and walked home 
with the " soul " of the Licentiate Pedro Garciaa in 
his pocket. 

If we look into the character of those railway men 
who, by force of muscle and brain, have raised them- 
selves, from either the vice or the footplate, into 
positions of honour, we shall find that each individual 
resembles the younger of the two scholars. Possessing 
his inquiring spirit and painstaking attention, they 
let nothing escape them. — not a little bit ; if there was 
something new to be seen or heard they saw it and 
their ears were open; were it something to be read, 
marked, or learned, there was nothing wanting on their 
part. True it is, that the more we know of such men, 
the more certain wo are that each and all of their 
actions are evolved from one common but comprehen- 
sive principle, converging towards one ultimate achieve- 
ment. 

Before dealing closely with matter in keeping with 
the title of this work, referring to locomotive engines 
under steam, it will first be our duty to notice, aa 
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briefly as the nature of the subject will allow, with 

what and how the engine is erected, and the manner of 

putting it together — in a word, to walk round it. To 

play well upon an instrument it is necessary to know 

the notes ; for, though music played by ear is listened 

to* the performer's field of usefulness is a limited one, 

Moving in a small circle, like a white mouse in an 

Italian boy's cage ; but music played from notes has 

*** everlasting charm subject to no vagaries. 

To play well upon a locomotive engine, in the sense 
°^ \rielding over it a kind of sovereignty, it is essential 
that the performer be acquainted with it anatomically 
ai Ui physiologically, and that he should have a thorough 
^Xowledge of the principle of the generation and 
application of steam. Without such knowledge no 
**xan can become a locomotive engineer. 

It is a fact that no two locomotive builders put their 
Engines together precisely with the same quality of 
Materials, or in the same way, any more than they 
follow one particular class or pattern ; for the simple 
Reason that the engine is not strictly a product of 
mathematical inquiry, but it is the outcome of many 
observations made by many men of taste and ex- 
perience. It is therefore unnecessary, while noticing 
the various parts of a locomotive for the information 
of young drivers, to advocate any particular design or 
class of engine ; the object is simply to explain some of 
its principal constructive features and cardinal lines. 
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CHAPTER I. 

GENERAL DESCRIPTION OF THE LOCOMOTIVE. 

Classification of Locomotives. — According to the posi- 
tion of the cylinders, there are two kinds of locomotives, 
namely, inside-cylinder and outside-cylinder engines 
— the former having their cylinders between the frame- 
plates, and the latter having the cylinders outside the 
frame-plates. Locomotives are also distinguished as 
Single or Coupled, independently of their kind or class. 
When the driving-wheels are free to act by themselves, 
the engine is said to be a single engine. When the 
driving and leading wheels are connected by coupling- 
rods, the engine is said to be coupled in front ; and 
when the driving and trailing wheels, under the foot- 
plate, are connected, the engine is said to be coupled 
behind. These are known as 4- wheel coupled engines 
to distinguish them from goods-engines, which have 
6 wheels coupled. Tender-engines are such as have 
tenders attached to them for carrying supplies of fuel 
and water. Tank-engines are such as carry their 
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supplies of fuel and water on their own frames or on 
the boiler — on the top, at the sides, or underneath the 
boiler. Locomotives which are carried upon a 4- wheeled 
truck or bogie, either before or behind, are known as 
bogie-engines. By means of the bogie, an engine with 
a long wheel-base can be made to run very safely and 
steadily, at high speed. With the assistance of the 
bogie also, an engine may traverse a sharp curve nicely 
and without excessive friction. 

The Boiler. — The boiler consists generally of six 
parts, namely, the barrel, fire-box shell, fire-box, tubes, 
smoke-box, and chimney. 

Barrel. — The barrel is made of three rings of plates, 
frequently arranged telescopically, so that the barrel in 
such cases is largest in diameter near the fire-box. One 
object of this arrangement is to maintain plenty of 
water over the fire-box when the engine is suddenly 
stopped. When the longitudinal seams are made with 
butt-joints, that is when the planed edges of the plates 
come together flush, a strip of iron, called a butt- 
strap, is riveted to the plates to connect them. The 
circular seams are generally made with lap-joints. All 
rivet-holes are drilled. The barrel is secured to the 
smoke-box tube-plate by means of a solid angle-iron 
ring ; and the tube-plate is formed with a flange turned 
to a small radius, to which the smoke-box is secured. 

lire-box Shell. — The outside fire-box, or shell, is of 
the same brand as the barrel ; the sides and top of ihis 
shell are sometimes formed of one plate, extending from 
the foundation- ring on one side over to the foundation- 
ring on the other side ; the front plate is united to the 
barrel without the intervention of angle-iron, which 
formerly was extensively employed; and the back 
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plate, in which the fire doorway is formed, is flang 
and riveted to the inner surface of the large ; 
forming the sides and top. 

The bottom of the shell, jnst described, is formet 
either horizontal or sloping at the bottom, according t 
design. 

Fire-box. — The inside fire-box, in this country, j 
generally made of the very best copper, with thi 
maker's name stamped on the plates ; the side i 
top, like the outer shell, are very often in one plate ; 
tube-plate is thicker than any other part of the fire-b 
for it has more pressure to resist, or rather more work 
to do, being the support of about 200 tubes, c 
half their weight. The back plate is usually dished e 
the fire-door. The fire-box is put together with i 
rivets, and placed inside the outer shell, to which it ii 
fastened by means of a wrought-iron ring at th( 
bottom and another at the fire-hole. These rings, (" 
former of which is known as the foundation-ring, i 
of the very best iron, and are carefully fitted between 
the fire-box and the shell, so that after thes 
riveted together they are perfectly steam-tight. 

The walls of the fire-box are further secured to t 
shell by rows of copper stay-bolts. The top or crow 
of the box is also secured and strengthened, either b 
stay-bolts or by wrought-iron ribs placed fore and a 
of the box. The ribs, when employed, have sling-s 
attached to them, riveted to the shell ; so that, whenevei 
a fire-box happens to be burnt, and so weakened, I 
crown of the box is prevented from being driven in \ 
the pressure of the steam. The tendency of the top of tl 
box to fail by overheating is very commonly shown, a 
it proves that the nature of the copper has been injure 
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Tubes. — The tubes are, in most engines, made of 
brass of No. 10, 11, or 12 B. W. G. (which means 
Birmingham wire-gauge). They are expanded and 
*oade fast by a tube-expander, and ferules are after- 
wards driven in at the fire-box end. Sometimes the 
ferule is made slightly larger than the bore of the tube, 
bat is reduced and made to fit the bore by being cut 
through with a saw. The circumference of the ferule 
is reduced by as much as the thickness of the saw, and, 
■when the ferule is pressed together, it enters the tube ; 
then, by its elasticity, it binds the tube tightly into 
its place in the copper. It is found in practice that 
when tubes 1£ inch external diameter are employed, 
and placed about £ inch apart, they give good propor- 
tions for making steam. 

Smoke-box. — The sides and top of the smoke-box are 
generally of Staffordshire brand. The smoke-box is 
secured to the boiler by means of the flanged tube- 
plate, and the front-plate is joined to the frame- plates 
by angle-irons. The smoke-box door is dished, and 
fitted with a pinching- screw and cross-bar ; the carriers 
for the latter are riveted inside the smoke-box, and they 
can generally be removed for the purpose of making 
examination or of repairing inside. 

Chimney. — The chimney is by some locomotive build- 
ers made slightly larger at the bottom than at the top, 
in order to obtain an even vacuum and to compensate 
for the condensation of the exhaust steam as it ascends 
the chimney. The cap on the top is not ornamental 
only ; it is intended also to turn aside the wind, so as to 
facilitate the escape of the exhaust steam and the smoke. 
When the chimney is worn into holes near the top, the 
wear is, as a rule, a sign that the blast strikes it there. 
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because of the blast-pipe not directing the current clear 
of the chimney. 

The smoke-box and the chimney are two very im- 
portant members of a locomotive; they to a certain 
extent control the size of the orifice of the blast-pipe. 

Boiler-mountings. — B oiler-mountings include the 
various plugs, whistle, gauge for the water, cluck -boxes, 
safety-valves, &c. 

The safety-valves and seatings are invariably made 
of gun-metal. When spring- balances are used, it is a 
mere matter of choice with the builder what size of 
valve he adopts; it does not follow that because a valve 
is large it will ease the preBBure within the boiler more 
promptly than a smaller valve. A small valve can 
be made to discharge in a given time as much steam as 
another, even 3 or 4 inches larger, by attaching to it a 
suitable spring- balance and lever, such as to allow the 
valve to rise through a greater distance than a larger 
one. Mr. Ramsbottom'a safety-valve consists, in fact, of 
a pair of valves fitted into two brass pillars, pressed down 
by a cross-bar with a spiral spring attached to the 
centre of the bar between the two valves— an arrange- 
ment that cannot be locked. The valve is prompt in 
discharging any quantity of steam of excessive pressure. 
When the end of the lever is pressed upwards by the 
driver, it eases the valve nearest to him ; and when 
pulled downwards, it eaaea the other valve. 

Regulators are of several kinds, and they are some- 
times fixed in a dome over the fire-box, or over the back 
of the centre ring of the barrel ; but in many cases they 
are placed at the junction of the boiler and the smoke. 
box, as when there is no dome. The pipes for convey- 
ing steam to the cylinders are of copper, excepting the 
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elbow-pipe placed on the outside of the tube-plate in the 
smoke-box, which is of cast iron, and forms the connec- 
tion between the copper steam-pipes in the boiler and 
those in the smoke-box which lead to the cylinders. 

It is scarcely necessary now to occupy any more space 
with the boiler, except to remark that, after it is fitted 
up complete, it is, before being fixed permanently hi the 
frame, tested by steam and by hydraulic pressure. 

From the foregoing remarks, it is clear that the boiler 
is quite independent of the frame and the machinery. 
The boiler is placed in the frame by means of a hydraulic 
lift. It is supported on the frame by expansion angle- 
irons riveted to the sides of the fire-box, and by the front 
tube-plate which rests on the back ends of the cylinders. 

Recent practice does not approve of running the 
motion-plate up to the bottom of the boiler. 

The smoke-box is now riveted to the frame, and thus 
forms a permanent attachment between the boiler and 
the frame. 

Framing. — The framing consists principally either 
of two or of four slabs or plates of iron. If the fram- 
ing have only two slabs, the engine is known as a 
"single-frame engine ;" and if the frame be made up 
of four plates, or two slabs at each side, the engine is 
known as a "double-frame engine." But whether double 
or single, the frames have very important work to do. 
At the places where the cylinders and the axle-box 
guides are fastened, the depth of the frames is increased. 
As a rule, they extend from the front buffer-beam, 
alongside the fire-box, to the end of the foot-plate. 

In the earlier locomotive engines, the frames stopped 
short at the fire-box shell. Some fire-box shells had a 
fearful lot of hard straining to resist, for the framing 
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was rigidly bolted to them, so also were the dr*f5" ** 
plates, and the angle-iron which, supported the fix**" 
plate. Fortunately it is not so now. 

Machinery.— Cylinders* — The cylinders are toa0&*^ 
of cast-iron of the first quality. In inside-cylin*!^* 
engines they are bolted between, the frame-plates — &3 
turned bolts with counter-sank heads. The holes a*^*"* 
carefully drilled, to be perfectly round, and the boil*** 
are made to lit the holes with a great degree of exa*^* - " 
ness. The frame-plates are farther braced by t**^ 
motion-plate, by transverse plates before and behiat*** 
the fire-box, by the foot-plates, and by the wronglaV 
iron buffer-plates fore and aft of the engine. A fir" 
minutes' inspection of an engine will proTe that 
of these parts are joined to the frames by angle-iron. 

It is essentially requisite that the centre-lines of 
cylinders, after these have been fixed in the 
should run parallel throughout their entire 
There are other things also to Look out for : — Th^^'-^ 
centre-lines of everything else connected with or affectedC^^ 
bv the action of the steam must be, in accordance witl 
the nature of the work, either parallel or exactly 
right angles* For instance, the slide-bars must be < ^^^ 
parallel with the cylinder, and all the axles must 
be exactly at right angles to the lines of the cylinders, 
^alre-ikces* Ac. In a word, the engine has to he built 
square, and not like a Bridgenorth election, all on one 
side. 

Horn-blQvk&> — The horn-blocks are got up true en 
their fiices, and fitted with axle-boxes, when all the 
centres for the axles can be marked oft Meanwhile 
die fitter may be engaged in erecting the slide-bars^ 
nifltana, and motion or gear. 
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Guide-bars. — Mr. Stroudloy uses cast-iron for slide- 
bars, with good results. The piston generally in use 
consists of a body of brass, with two cast-iron rings — 
one of Mr. "Wakefield's good ideas. 

Bessemer steel is largely employed for guide-bars, 
piston-rods, connecting-rods, and coupling- rods. The 
pear is not unfrequently selected from the very best 
Yorkshire scrap tyres, case-hardened at all the working 
Parts, and finished bright. 

Crank-axle. — The crank-axle is either of steel or 
lr "Ciii; the latter is very much admired for the purpose 
**3' some builders, as steel knows no compromise or 
s *»rreiider. The throws are forged and slotted out at 
*" a ght angles to each other, so that when one big-end is 
***! one of the dead centres, the other big-end is under 
***»e full pressure of the steam, being exactly either 
°*i the top or the bottom centre. 

Eccentrics. — The crank-shaft is fitted with four 
Eccentric -sheaves, two for working the engine in fore- 
Sear, and two for back-gear. The positions of these 
Sheaves, in relation to the crank, are due to the move- 
ments of the valve boing in advance of those of the 
crank. As the slide-valve is about half stroke when 
the big-end is at the end of its stroke, a little considera- 
tion will show that the sheave ia fixed at about right 
angles, or a little in advance of that position, to the 
crank. The exact position for the sheave may be found 
thus : — Wben the crank is placed on one of the dead 
centres, a line is drawn to show the centre-line of the 
web or crank-cheek ; a circle is then described around 
the centre of the axle, equal in diameter to the travel of 
the slide-valve ; from the centre of the circle at the side 
opposed to the crank -arm, a distance is marked off equal 
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to the sum of the lap and the lead. Suppose, for in 
stance, that the lap is 1 inch and the lead § inch, makin 
together If inch. At this distance from the centre 
perpendicular line is drawn, intersecting the circl 
above and below the centre-line of the crank-web. 
The two points of intersection show where the centre- 
line of the eccentric must fall, for forward and for 
backward motion. 

Expansion-links. — The expansion-links, to which the 
eccentric-rods are attached, are frequently formed to a 
radius equal to the length of the eccentric-rod. The 
box-link is formed to a radius equal in length to the 
valve connecting-rod. Allan's link is straight. 

The kind of expansion-link which is generally 
adopted by English locomotive builders is the curved 
open link, furnished with carriers for the lifting-links 
on the weigh-bar shaft — -varying the periods of admis- 
sion of steam by shifting the link on the block. 

The horizontal motion of the link is communicated 
by the joint action of the eccentrics. At the centre of 
the length of the link it is a minimum, when it is equal 
to twice the linear advance of the eccentric, and it in- 
creases towards each end of the link. The movement 
is conveyed directly through the block to the slide- 
valve, and the valve receives its maximum travel when 
the eccentric-rod occupies a position in a straight line 
with the valve-spindle. A jaw, on the front end of the 
valve-spindle, is made to clip the expansion-link and 
" block ; " and the valve-spindle, is supported by a 
guide, either cast with or bolted to the motion-plate. 
To the back ends of the spindles are attached the slide- 
valves for regulating the distribution of the steam to 
the cylinders. 
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JSteam-pipe and Blast-pipe. — In first-class workman* 
ship, the joints of the steam-pipe and the blast-pipe 
are made with a scraping-tool, without cement. The 
blast-pipe is fixed truly concentric with the chimney, 
that the exhaust steam may be discharged straight up, 
without unduly impinging on the sides. The nature of 
the action of the blast is worth investigating; it is 
identical with that of the injector. 

The exhaust steam, discharged up the chimney, has 
the effect of inducing the air out of the smoke-box, 
and thus creating a partial vacuum. The vacuum is 
filled by gases from the tubes, which in their turn are 
applied from the fire-box, whilst the fire-box is sup- 
plied with air from the ash-pan. Hence it is that a 
snaoke-box, which draws air by leakage through the 
<loor, deprives the fire of a portion of its draft, in so far 
*s the vacuum in the smoke-box is supplied from the 
^rong end of the engine. The better to counteract the 
Unbalanced external pressure which results from the 
Vacuum in the smoke-box, the door of the smoke-box 
is dished or buckled — a process by which its power of 
resistance is greatly increased. 

Feed-pumps. — There are two kinds of feed-pumps, 
long-stroke and short-stroke. The body of the pump 
is of gun-metal. The ram of the long-stroke is gene- 
rally fastened at one end to the crosshead, or, as in 
the case of the " Terriers," it is screwed into the end of 
the slide-block. In the short-stroke pump the plunger 
— not ram — is most usually of brass, and it is worked 
either from an eccentric on the crank-axle or from 
a pin in the driving-wheel. Very few short-stroke 
pumps are now put into new stock. 
There are three and sometimes more valves adapted 

c 
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to a locomotive pump. There 13 one on the side of tho 
boiler, near the smoke-box, known as the " top-elack." 
This position is selected so that the boiler may be fed 
at the coolest place. Top-clacks must not be examined 
while the steam is up — a necessity which some men 
understand pretty well from experience, by having been 
severely scalded. The middle-clack is situated just 
above the pump and ram, and prevents the water re- 
turning to the pump-barrel after having been expelled 
by the ram or the plunger. The bottom-clack is fixed 
below tho pump, and as the ram commences to enter 
the barrel the clack closes on its seat, and thus pre- 
vents the water in the pump from returning to the 
tender, out of the way of the advancing ram. The 
water occupying the pump is consequently shot up 
through the middle clack, and flows into the boiler. 
If there be air in the pump, it does not work, for want 
of water. In consequence of a tight gland a pump has 
stopped working, owing to the accumulation of air 
in the pipes, which is separated from the water by the 
churning action to which, it ia subjected by the ram or 
the plunger. 

The Injector. — Steam is admitted into the injector 
(Fig. 1) through a cock on the top or the side of the 
boiler, to obtain steam free from water. When this 
cock is open, steam can enter the injector through a, 
and occupy the space b surrounding the spindle 0. 
The spindle is finished conically at its lower end, and 
forms a steam-tight valve at d, controlling the egress of 
the steam into the lower portion of the injector. When 
the wheel e, on the end of spindle c, is moved to raise 
the spindle, steam rushes through d, past the mouth of 
the inlet-pipe x leading from the water in the tank 



The current of 
eteam, by the suc- 
tion al action, in- 
duces or draws the 
air out of the pipe 

x relieving the 

water in the pipe 
of the atmospheric 
pressure, and there- 
by forming a va- 
cuum into which 
the water rises, by 
virtue of the at* 
*no spheric pressure 
above the water in 
the tank. 

"When the water 
c otnea in contact 
■with the steam, 
■*hose velocity is 
'very high — 1,700 
feet per second, or 
1,1.57 miles per 
hour — the water 
la instantly carried 
along by the steam 
through the nozzle 
r, and beyond the 
Talve g, on the pipe 
leadin g to the boiler. 
The water, on com- 
ing in contact with 
the steam, condenses 
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it considerably, but not before the steam has imparted 
to the water a velocity equal to about 90 milea per 
hour. The motion of the water at that speed, is 
sufficient to force it into the boiler against the pressure 
of the steam and water inside the boiler. H is the 
overflow-pipe, through which the water escapes when 
the injector is turned oflf, either by the spindle c being 
screwed down, or when the momentum of the combined 
jet is not sufficient to lift the top-clack against the 
pressure within the boiler. This deficiency may be 
caused by the jet of steam from the boiler being in- 
sufficient in volume, when its velocity is wholly 
absorbed by the water. In this case, the steam-pipe 
requires to be made larger or to be cleaned out, or the 
volume of water must be reduced. 

Slide-valves. — There is no subject about a locomotive 
engine that young drivers delight to talk about more 
than valves. It ia their favourite topic, though there 
is no other subject about which they have so much mis- 
giving and conscious uncertainty. Is not this a factP 
Valves are Latin, Algebra, and Greek. Many of our 
young engiuemen, when they know their engines are 
" blowing through " — not knowing what it is exactly, 
or where it is — report such matters as " valves and 
pistons want examining." This covers the whole box 
of tricks, and helps them over their difficulty. Let us 
hope that such reports, made under such circumstances, 
will soon become things of the past. 

It will, then, after the above remarks, be well if 
valves, ancient and modern, form our next subject. A 
driver may be able to work his engine with creditable 
economy, keep time, and all that kind of thing ; but so 
long as he is a comparative stranger to the action of 
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the valves, he feels within himself that one thing i 
needful. Such thoughts fre- 
quently occupy the minds of 
young enginemen. 

The annexed Fig. 2 illus- 
trates the old slide-valve, now 
out of use. It is shown here, / 
because it will aid in explain-/ 
ing the meaning and functions! 
of lap and lead. The position \ 
of the excentric, in relation to 
the crank, for working the 
valve is also shown, for con. 
venionce, above the crank, on 
the right, a is the valve, » the 
cylinder, the back port, D 
the front port, and : ■ the ex- 
haust port ; p the cavity of the 
valve. The valve is shown in 
the position which it occupies 
when the piston is at the ter- 
mination of the front stroke, 
whilst the crank is on the back 
dead-centre, near the fire-box 
casing, and the centre of the 
excentric is vertically over the 
centre of the axles, or at right 
angles to the crank. 

The excentric, as shown io 
the sketch, would work or 
move round the centre of the 
crank-axle, ahead or in ad- 
vance of the crank, in the di- 




Kg. 2.- -Old Slide-salve. 
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rection of the arrow, to let steam into the cylinder. The 
I piston also moves, commencing its back 

stroke, and at the same time the steam- 
passage, communicating with the cylinder 
~ .it the other end, is uncovered to the ex- 
haust. There are two defects about both 
these movements of the valve, which are 
now remedied in modern practice, illus- 
trated by the diagram, Fig. 3. First, the 
am is now admitted slightly before the 
piston commences the stroke, and the 
steam thus acts as a cushion for the piston, 
assisting in stopping it, and reversing its 
movement — with ft fine effect at high 
speed. Secondly, the steam is released 
from the cylinder before the piston ter- 
minates the stroke ; and by this timely 
exhaust excessive back pressure on the 
piston is prevented during the return 
stroke. 

When the Improved valve, Fig. 3, was 
first tried, it was the meanB of reducing 
the coal-bill twenty-five per cent. — a 
result which, it may be imagined, caused 
extraordinary surprise. The difference 
between this valve and the old valve con- 
sists in the addition of lap at each end 
of the valve, with lead to the eccentric. 
The valve may be described as the same 
valve as hi Fig. 2, except that it is 
lengthened at each end; and, instead of 

„■ . •.. .^* just covering the outer edges of the front 
Fig. 3.— Modem J , , . ° . b , 

Slide-valve. and back steam-ports, c and D, it over* 
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>ap s tliem both. A A is the lap on this valve ; and if a 
driver states that his engine has valves with $ of an 
>Mh of lap, he means us to understand that when the 
'"Ives stand in the position of half-stroke they over- 
top the steam-port by that much at each end, back and 
front. 

-Looking at Pig. 3, it will be observed that, in tho 
Modern valve, while the crank is on the back dead- 
wo-t-ie, as shown for the old valve, Fig. 2, the centre 
™ the excentric for the new valve is shifted farther 
ahead of the crank. Tho amount of this additional 
*i"Vsnce varies with the lap, for it is necessary to bring 
Mi© edge of the lap-valve over the edge of the steam- 
P°*t, when the piston is on the centre, into such a 
Position as to open the port to the extent of £ inch or 
i inch. 

With regard to lead, suppose that the engine is per- 
fectly at rest, with the big-end straight out on the back 
•icad- ecu Ire, and the edge of the valve right over the 
^dge of the steam-port. If the centre of the exeontric- 
Sheave be moved | inch further from the crank, the 
^■alve is also moved an ^, and opens the port that much, 
Iwfore the piston commences the stroke. This is lead. 
"When a driver states that his engine has valves with 
an J of an inch of lead, he intends us to understand 
that the valve opens the steam-p^t § inch just as the 
piston has finished its stroke. 

The general principles of lead and lap maybe briefly 
summed up thus : — 

Lead. — The load of a valve is the amount of opening 
which tho valve permits to the steam-port when the 
piston is at the end of its stroke, the opening being 
given to enable the steam to fill up the steam-port and 
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clearance, and to act aa a cushion upon the piaton, so 
causing it to reverse its motion easily and without 
noise. 

Lap. — Lap is the amount by which the valve ex> 
ceeds the extreme width over the cylinder-ports 
viding means for cutting- off, and also for expanding, 
the steam during the stroke. After the steam is cut 
off by the valve, it is shut into the cylinder until the 
valve has travelled onwards, by the amount of its lap, 
when the inner edge of the valve opens the steam-port 
on the exhaust side, and the steam instantly leaves the 
cylinder and ascends tho blast-pipe. The determina- 
tion of the amount of the lead and the lap rests with 
the engine-builder ; generally, for a high speed of 
piston, 1 inch lap and J inch lead are adopted. Outside 
lap is a great friend to the locomotive ; it enables an 
engine-man, by altering the travel of the slide by 
means of the link-motion, to cut the steam off before 
the piston has performed one quarter of its stroke. 
Inside lap is given for the purpose of preventing the 
locked-up steam from escaping too early. By deferring 
the release of the steam, the expansive working is pro- 
longed ; but if inside lap is carried too far, it may 
reduce injuriously the time of release for the steam 
from the cylinder, and so give rise to back pressure. 

Inside Lead. — Inside lead, or clearance, has the oppo- 
site effect to that of inside lap, by causing an earlier 
and freer escape of the steam from the cy Under; but as 
the steam is not confined in the cylinder so long, as a 
matter of course, it shortens the period of the expan- 
sion. 

Compression. — There is one more element of th< 
working of the slide-valve, and that is compression, 
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xhich is due to the exhaust steam not being all cleared 

f the cylinder when the valve shuts the exhaust- 

P°rt. The valve is then going one way and the piston 

'1 the opposite direction. The action of the piston-head 

°a such locfced-in steam is to push it into the port and 

&e space termed the clearance, where it is compressed 

"Qtil the valve, which, while travelling the amount of 

'he lap, was the cause of compression, lets the steam into 

the cylinder again. Finally, for each stroke of the piston, 

l uere are four periods of the distribution of the steam 

e fi*ected by the slide-valve ; 1st, the Admission, when 

fi team is admitted into the cylinder; 2nd, Expansion, 

after steam is cut off; 3rd, Release, when steam is 

liberated and goes up the chimney ; 4th, Compression, 

w hen the remnant of exhaust steam is shut into the 

cylinder and compressed by the advancing piston. 

•Axle-boxes. — The axle-boxes are carefully fitted into 
*o.e slides, or, as they are sometimes termed, horn- 
olocts. The brass-bearing is cast with a recess in the 
cr "o-wn for the reception of white metal, to reduce the 
Miction, and to facilitate the flow of oil to the journal. 
■A. keep of cast-iron or brass is placed below the axle, 
having a recess into which a sponge is sometimes intro- 
duced, for taking up the oil brought over from the top 
^y the revolving axle. By this means no oil is wasted, 
**-tid if, occasionally, the driveT should forget to oil the 
Rearing, the lubrication is continued by the sponge 
*teoif for some little time. 

The causes of hot bearings are various; the following 
^>e a few of them. The keep binding against the jour- 
nal is one, too much weight is another, and a fast-box 
*« a third. The cotton may be too nicely fitted in the 
Syphon-pipe ; the cotton may be too far from the oil ; the 
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oil may contain glutinous matter, such as india-rubber 
or resin ; the cotton may be in bo great quantity as to 
fill the oil-chamber, leaving room for but a small quan- 
tity of oil ; the cotton may be wet ; the cotton may be 
too slack, allowing the oil to syphon too fast for the 
supply ; the cotton may be choked with tallow and 
dirt ; the cotton may be right to-day but wrong to- 
morrow, aa there ia a fixed period after which it fails 
through ordinary wear. Sponge, cotton, and similar 







materials are porous; and oil, water, and other liquid! 
will rise in them. If the end of a towel happen to be 
left in a basin of water, it will, by what is called 
capillary attraction, probably empty the basin. On 
such a principle of action axles are generally lubri- 
cated. 

Springs. — The springs, carry the engine. The leavea 
of a spring, made generally of mild steel, are kept 
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together by a buckle ; the thrust-pin, between the 
buckle and the axle-box, transmits the irregularities of 
the permanent way, through the wheels and axle-boxes ; 
to the springs. Underhung springs, below the axle, 
have a Up or eye forged upon the buckle, by means ol 
which it is fastened by a pia to the axle-box. Suoh 
springs are frequently fitted with neat spring-links, 01 
socket-pieces, by which they are connected to the 
frames, and by means of which the weight of the 
engine is equally distributed. The leading dimensions 
of an elliptic spring are those of the length, the camber, 
the number of plates, and the thick- . 

ness of each plate. (See Figs. 4, 5.) *-dium— 

Wlieek. — The wheels are generally I 
of best selected scrap-iron, forged I 
solid. The spokes are forged with T I 
heads, and the boss of the wheel is 1 
formed by welding up the ends of the 
spokes, previously shaped to form a per- 
fect fit before being welded, with a 
washer on each side the rim, for the 
tyre is afterwards made solid. The 
wheels are said to be crank-bossed, when crank-pins ara 
fitted into tho wheels. The wheels are forced upon the 
axles by hydraulic pressure ; they are in many cases 
perfectly firm without the aid of keys. The tyres are 
heated for the purpose of being enlarged by expansion, 
and are then placed on the rim of the wheel and 
cooled. The tyres contract is. cooling, and they are 
bound by the shrinkage firmly to the wheel ; after 
which they are turned in the lathe. 

Coupling-rods. — The connecting-rod and the outside 
coupling-rods are generally forged, each from one 
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solid piece of iron. Welds are thus avoided. The 
email end of the connecting- rod is sometimes fitted 
with a steel bush. Wien it is not fitted too tight, 
and is properly attended to, it is an excellent job; 
but when allowed to seize it may make a nice mess. 
It has been known to pull down all the motion, and 
to send the connecting-rod into the fire-box. 

Bride Arch. — The brick arch in the fire-box isdesigned 
to assist in the proper combustion of the fuel. It is ge- 
nerally formed to a versed sine or rise of 5 or 6 inches. 

Fire-bars. — The fire-bar bearers support the bars 
and the fuel. The fire-bars are of wrought iron, and, 
when cut, proper allowance is made for them to expand, 
without binding at each end against the fire-box. If 
this provision for expansion is disregarded, the bars will 
be liable to bend, and close together at some places, and 
ultimately to burn and drop into the ash-pan. Fire- 
bars should not be pulled up ; the clinkers should be 
removed from them by means of the splice or clinker 
shovel. Many first-clnss drivers run for weeks to- 
gether without making sufficient clinker to interfere 
with the steam. They break the clinker up, after 
which it will not set to the bar again ; and they spread 
it about the box to protect the fire-bars during the 
next trip, or they get it into the corners, where it is 
very serviceable in preventing cold air from rising and 
getting into the tubes. 

Ash-pan. — The ash-pan is a very important member 
of a locomotive engine. When it is kept sound and 
clean it is capable of doing much for the driver. By 
its instrumentality tons of fuel may be prevented from 
being wasted. The door or damper should be capable 
of shutting quite close. 
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Blower. — The blower is, according to the best ar- 
rangement, fitted round the top of the blast -pipe. 
Bricks or cement is applied in the smoke-box to pro- 
tect the cylinders and the joints from rust. For this 
reason the joints are, as a rule, situated above the 
reach of moisture. 

Sand-box — Sand-boxes are now most commonly made 
for dry sand, which is made to pass through disc- 
valves or ordinary cocks by means of a light lever 
under the control of the engineman. The handle of this 
lever is fitted in a sector-plate, which, with the revers- 
ing lever and damper-handles, is placed by the side of 
the driver. The remainder of the foot-plate furniture 
consists of the whistle-handle, the handles of the blower 
and cylinder lubricator, gauge-cock fittings, fire-door, 
and regulator. Turning to the tender, there are the 
feed-handles for regulating the supply of water to the 
boiler. These handles are connected to spindles, which 
are connected to the valves in the tender. These valves 
require to be fixed so that they may not be interfered 
with by pieces of wood, waste, or other matter floating 
about. 

Cab. — The cab, which is a boon to engine-drivers, is 
furnished with plate-glass windows, set in polished 
brass frames, which, on some railways, are arranged so 
that they may be opened if required. 

Tools, 8fc, required for an Engine. — Before an engine 
joins a train, the following tools and articles are re- 
quired to go with it. 

A complete set of fireman's tools : — 

1. — Splice for getting clinkers out of the fire-box, and 
for drawing back the coals from under the brick arch 
in the case of a choked fire. 
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2. — Pricker for pulling np bars in cases of emer- 
gency. 

3. — Rake for cleaning out the ash-pan, and for 
raking the brick arch down, when it can be done. 

4. — Long chisel-bar for lifting and breaking a 
clinker. 

5. — Pinch-bar for rapping fire-bars and other 
purposes. 

6. — Shovel, coal-pick, and bucket. 

A complete set of driver's tools : — 

1. — Set of spanners to suit every size of nut and of 
plug in the engine. 

2. — Screw-jack, with ratchet or bar, in good working 
order. 

3. — Several plugs for the tubes, and a rod to suit 
them. 

4. — .Quarter, hand, and lead hammers. 

5. — Two cold chisels, and a few punches for knocking 
pins out of the motion, ■&c. 

(J. — Large lamps (3), gauge-lamp, and motion-lamp, 
the latter fixed over the spindle-glands. 

7. — Two oil-feeders, two oil-bottles — one feeder for 
the driver and the other for the fireman ; one oil-bottle 
for general use and one to keep store oil, so as to have 
an extra quantity of oil on the engine in case of axles 
&c, running hot. 

8. — A quantity of flax, spun yarn, and tar band. 

9. — Half-a-dozen fog signals. 

10. — A few split pins and cotters of various sizes for 
eccentric-bolts, &c, 

11. — A few gauge- glasses. 

12. — Some copper wire. 

13, — Some worsted. 
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14. — A copy of the Company's rules. 
15. — Service time-book for the current month. 
16. — A foot-plate motto — A place for everything 
and everything in its place. 

Some of the above articles may be dispensed with on 
short-train service. 

^/Tool-box. — It ia well for every driver to provide 
himself with a small tool-box, which ia easily carried 
about, and is useful, either for putting in a gauge-glass 
or for fitting in a fresh split-pin in the motion or the 
braie-irons. It will be found a valuablo aid when 
tune presses ; when a glass, or a split-pin, or worsted, 
or ^re, or other small store is wanted. When all these 
"ttle friends are mixed up with spanners, coats, etc., 
"luch time may be lost in finding them ; hut when they 
ar e kept together in a little box by themselves, no 
Matter how dark the night may be or how much steam 
'aere is about, they can always be found ; and that is 
^ore than can be said in many instances when a gauge- 
&lasa goesoff "bang." The box should belong enough 
^* take in gauge-glasses, and should be fitted with a till 
to hold them, about 6 inches wide by 4 inches deep, 
■^nished with a lock and key. 

Gauge-glasses. — A few glasses should be cut to the 
e *«ct length required for the engine, with india-rubber 
"^shtrs or flax in readiness for immediate use. 

It is not a wise plan to cut every glass in the engine 
° suit any one particular engine, because some one 
**iay want a glass unusually long, and the opportunity 
°* stowing another driver what a fine thing it is to be 
P^^pared with such things would be lost, to say nothing 
a °out the value of a glass to a man who has more 
"an a hundred miles yet to run. The proper length to 
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which a glass should be cut is such that it may not 
interfere in the least, either at top or bottom, with the 
passage into the boiler. It is cut by inserting a small 
round file, or a piece of one, within the bore or hole, 
to the point where it requires to be cut, and then 
scratching it all round with the point of the file. 
This place thus becomes the weakest place in the glass. 
With the file still in the hole, break the waste piece 
off, exactly as a notched stick is broken through. 



CHAPTER II. 

DETAILED DESCRIPTION OP THE LOCOMOTIVE, WTPH 

KEY. 

The locomotive engine selected for detailed illustration 
in Figs. 6 to 6 d is the " Grosvenor," an express loco- 
motive, one of a very powerful class, specially de- 
signed and constructed by Mr. Wm. Stroudley, for the 
service of the London, Brighton, and South Coast 
Railway. It is a single engine, on six wheels, which are 
well distributed, with a large boiler of abundant steam- 
generating power, with cylinders of great capacity, 
and driving-wheels of moderate diameter. This loco- 
motive was constructed with extreme care, and the 
workmanship is as nearly perfect as possible. It is 
accompanied by a tender on six wheels, capable of 
holding a supply of 2,520 gallons of water, and 40 cwt. 
of coals. Notwithstanding its great capacity, this 
tender is so low that a tall man may stand on the 
coals without the risk of being knocked down by any 
of the bridges on the line. There are upwards of 
47 tons of metal in the locomotive and its tender 
together, and when they are in full working the 
gross weight with fuel and water amounts to 
59 tons. Notwithstanding the largeness of the quantity 
of metal consumed in their construction, the engine 
and the tender are remarkable for their shapeliness 

D 
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and for the lightness of their movements. They are 
painted with a uniform coat of a mixture of gamboge 
yellow and dark claret, picked out in black and 
vermilion. 

The "Grosvenor" ran the first through train be- 
tween London and Portsmouth — a distance of 87 miles 
— in 1 hour 50 minutes. 

Frame. — The engine Is constructed with inside lon- 
gitudinal fru i no- plates, giving inside bearinga for the 
axles. The plates are securely bound together trans- 
versely, by several connections: two wrought-iron 
bufi'er-plates, one at each end of the engine, the 
i notion-plate, and two transverse plates, before and 
behind the firebox and the cylinders ; and also by the 
running boards, which are each in one continuous piece 
from end to end of the engine. 

Boiler. — The plates for the barrel of the boiler are 
bent to a true circle, and the joints are butted, with 
straps both outside and inside. The rivet-holes in the 
inside and outside straps are countersunk nearly 
through the thickness, so as to shorten the parallel 
portion of the rivet, and to secure a good fit. The 
rivets are driven in by flogging hammers, and are 
brought much more closely home than they could be 
by ordinary band or steam rivet-work. The front 
tube-plate is secured by an angle-iron ring to the 
boiler, where they are brought close together. There 
is also an inner angle-iron of the same section as the 
ring, at the upper portion of the inside circumference, 
to further support the plates and do away with longi- 
tudinal stays. The sides) and top of firebox-shell are 
one plate, extending from the foundation -ring on one 
side over to tht foundation-ring on the other side. 
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All the seams are double-riveted, except the cir- 
cular seams of the barrel and the vertical seams of the 
firebox, for which the lap of plates is 2£ inches, with 
j-inch rivets, at a pitch of 1| inches. 

The angle-iron ring forming the man-hole has a 
butt-strap welded to its flange, so that the ring becomes 
very much stronger than those generally adopted by 
locomotive makers. It is of such a thickness as to 
bring up the sectional area of metal across the man- 
hole to an amount slightly in excess of the sectional 
area of the portion of the solid plate that is cut away, 
so that this man-hole is absolutely the strongest place 
in the boiler. 

The process of applying the stays to the roof of the 
firebox is commenced by placing an iron frame or 
mould round the firebox in the exact position to be 
taken by the shell of the boiler. Notches are made in 
one edge of this frame, to hold the end of a mandril 
which has a small tail-piece projecting from the end, to 
pass into the hole to be afterwards occupied by a stay. 
A smaller mandril, having a hole in its centre, is held 
on the inside of the firebox, being guided by the tail- 
piece of the outer one to a right line. These mandrils 
are then struck with a hammer, when they readily set 
the plate, one edge inwards and the other edge out- 
wards, so that after they are tapped the collar on the 
stay and its nut on the inside take a fair bearing. 

This operation is easily performed, and not one stay 
done in this way has been known to leak, notwith- 
standing that several fireboxes have been run so short 
of water as to melt the lead-plug. The crown of the 
firebox is lower at the back than at the front, next 
the tubes. Thus the roof -plate is covered by a greater 
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depth of water where the flame impinges witli the 
greatest force. The aides of the box also elope in- 
wards, and offer a very good form for the escape of the 
steam formed upon the plates. The tube- plate is made 
wider than the back-plate of the firebox, in order to 
permit the full complement of tubes. To receive these, 
a part of the side-plate at each side is dished into the 
side water- space, to admit cf the feruling of the tubes 
at the sides ; but the other portions of the side-plates 
are left plain, having a very wide water-space. The 
back end of the boiler is supported above the firebox 
by palm-stays, which are securely riveted to the outer 
shell, and also riveted by countersunk holes to the 
back-plate. 

Regulator. — The regulator is made upon a plan used 
by Messrs. Sharp, Stewart, & Co. for many years. It 
differs from this only in having a much larger central 
pivot, by means of which a much more even wear on 
the surface is produced, as the difference of surface 
between the inner and the outer rings is so slight that 
the wear is practically equal. In practice, these valves 
remain almost absolutely tight. They are relieved by 
a small cast-iron valve at the back, having an opening 
of 4 square inches of area. The large valve has an 
area of 10 square inches. 

There is a peculiarity in the arrangement of the stuff- 
ing-box and drivers' handle. The stuffing-box is made 
of brass, and is projected into the boiler. It is fitted 
with a spindle, also of brass, having a socket cast upon 
the end which is inside the boiler. This socket has a 
square hole to take on the end of the regulator- rod, 
and a collar to fit against the end of the stuffing-box, 
where it works like a valve, being held up to the &ur- 
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race of the stuffing-box by tbe steam- pressure, and 
being left free to adapt itself to tbe stuffing-box by 
^e square socket, which is made an easy fit upon, tbe 
re gulator-rod, and acts as a universal joint. This 
buffing-box gives no trouble ; the packing remains 
8 team-tight for a year or two at a time. 

The stoppers for arresting the motion of the valve, 
^tien closed and opened wide, are cast upon the head 
°f the regulator : superseding tbe ordinary ugly quad- 
ra nt on the back of tbe firebox. 

Sqfkty-eakei. — The safety-valves (Adams's patent) 
* 2j inches in diameter, with a lever of 18 inches, 
a *»«l a distance of 3J inches from the fulcrum to the 
v «lve. 

rThese valves act with great certainty, and they are 
icient to release the surplus steam under any cir- 
c Ti*n stances. It is found, in practice, that a short lever 
^itta a long spring acts better with even a smaller valve, 
**Ha.n tbe old-fashioned combination of a long lever, 
■'•ftTge valve, and short spring-balance. 

Gauge-glasses. — Tbe boiler is fitted with duplicate 
13 auge- glasses, which are not only valuable as a check 
"*apon each other, and on the level water in tbe boiler ; 
'■ '-'iil one of them continues serviceable should the other 
tiappen to be broken. 

Cylinders and Valves. — The steam cylinders are 
17 inches in diameter, with a stroke of 24 inches. They 
^re placed at a distance of 2 feet 2 inches between 
*^ntre and centre ; and the valve-faces, which are 
"Vertical, are 4 J inches apart. It has always been a 
delicate matter to make room for large cylinders in the 
Tiarrow space between tbe wheels of inside-framed 
ith due consideration to the length of axle- 
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bearings and other details. When the cylinders are 
brought close together for the purpose of affording wide 
bearings for the axles, the exhaust-way is restricted ; 
whilst auy arrangement for placing the valves in other 
than a vertical position between the cylinders, with a 
view to the provision of free exhaust- pas sages, has 
always involved more or less complexity in the gear. 

It will be seen that the steam-ports and exhaust- 
ports are divided into two sets, the upper and the 
lower ; whilst the valves extend from the top to the 
bottom of the valve-chest, and cover both sets of porta. 
The steam escaping from the lower ports passes through 
a belt round the cylinder, and joins the exhaust from 
the upper ports at a point near the base of the blast- 
pipe. 

A portion of the exhaust is conducted by a pipe into 
the tender for the purpose of heating the feed water. 

The steam supply-pipes are in duplicate, one of them 
leading into the back of the valve-chest on the one side, 
and the other into the front of the valve-chest on the 
other side, thus obviating the employment of compli- 
cated passages, which are sometimes required for the 
purpose of connecting the ends of the valve-chest to- 
gether ; seeing that the middle region of the valve- 
chest is almost entirely monopolized by the valves. 
The slide-valves have £-inch lap outside, and ^-inch 
lap inside, and they are set with |-inch of lead. They 
are provided with flanges on their lower edges, by 
which they slide upon the raised surfaces planed for 
them on the floor of the valve-chest, in order to prevent 
their wearing downwards and letting the edges of the 
ports out of line : a kind of wear which takes place with 
valves of the old construction. The cylinders are cast 
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*ith the inside covers, brackets for motion -bars, and 
stuffing-boxes, all solid — that is in one pieco — doing 
airay with a considerable amount of fitting and 
jointing. 

staid of bolts for holding the cylinders together, 
a wrought-iron hoop, carefully slotted and finished, is 
Mimnt on at the junction of the valve-spindle stuffing- 
wxaa : making a very efficient union. 

In. order to supply equal volumes of steam to the two 

^Kls of each cylinder for the front and the back strokes, 

compensation is provided for the inequality of the 

periods of admission caused by the obliquo action of the 

■^neeting-rod, hy placing the group of steam-ports in 

^ch face, in advance of the central position, to the 

extent of If inches, towards the front end of the 

finder. The length of the back steam-port is thus 

mi "Je to exceed that of the front port, to the extent of 

*a inches, and the cubic capacity of the back port, 

^'ch is of course filled with steam from the boiler for 

eac n stroke, is greater than that of the front port, by 

Iile amount which is required to balance the excess 

v "Itirrje of steam nominally cut-off in the front end of 

Qe cylinder, over and above the volume cut-off in the 

a °*t end. Bj means of such adjustment, which is 

8 P ec ^ a Uy adapted for the ordinary working position of 

e Valve-gear, the crank is subjected to a more nearly 

utl Ubrm stress than that which would obtain with 

Bte arri- ports of equal length. It is to be observed that 

,*** equalisation of the work of the steam on the piston 

18 effected during the expansive period of the steam's 

ac tion f after it is cut off, and before it is exhausted. 

The flanges by which the cylinders are united are 
planed with a tongue which is left on the one cylinder, 
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and a corresponding groove in the other, at the bottom 
of the steam-chest. The parallelism of the cylinders 
is thus permanently secured ; besides which a good 
joint is made. 

Slide-bars. — The slide-bars are cast-iron of L section. 
They are bolted by their fore ends to projections on 
the cylinders, and near their hack ends to the motion- 
plate, through which the back ends are passed and 
overhung about 6 inches. Support is thus given to 
them near the centre of their length, where the greatest 
strain is thrown upon them by reason of the angularity 
of the connecting-rod. Besides, by the very forward 
position of the motion-plate, there is liberal clearance 
for the valve-motion, and long rods may be employed. 

Cylinder-covers. — The cylinder-covers are double- 
faced, with a recess in the centre round the line of the 
studs. The face is finished by a scraping-tool, and it 
makes a perfectly eteam-tight joint. 

The cylinder- covers and the valve- chest-covers are 
cast hollow, having air-spaces to prevent the escape of 
heat ; the outsides of the covers are cased in sheet-iron 
suitably formed, by which the nuts and other project- 
ing pieces are covered and kept clean. 

Pistons and Piston-rods. — The steel piston-rods have 
croBS-heads formed solid with them. The pistons, which 
are of gun-metal, are taken off the rod for the renewal of 
the two packing- rings, or for examination. The piston 
is readily removed by unscrewing the brass nut by 
which it is held whilst the piston is warm, when it 
easily leaves its steep conical Beat on the piston-rod. 

The piston-rods are made of special gun-steel, manu- 
factured by Vickers & Co., of such a quality that they 
can be extended 25 per cent in length, and can be 
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doubled up close, While cold, without fracture. The 
ultimate tensile strength of the steel is from 28 to 30 
tons per square inch. 

Connecting-rod. — The connecting-rod is 6 f e t 
6 inches long, and it is specially so designed that it 
may be finished by machinery ; the greater portion oi 
the work being done in the lathe and the drilling- 
machine. 

The little-end is held by a single cotter, which takes 
the whole of the work, and a bolt, which holds the 
ends of the strap firmly down to the rod, but which 
does not take any part of the longitudinal stress. 

The big-end brasses are bored and turned as simple 
concentric rings, and they are prevented from moving 
out of their places by the two main bolts. These brasses 
being, together with the whole of the rods, made to 
gauge, can be prepared in quantities to be kept in 
reserve for future use. When required they can be 
put into their places without the use of a file. Holes 
are drilled in the principal bolts to reduce the sectional 
area approximately to an equality with that at the 
bottom of the thread, and thus to render them uni- 
formly elastic. No check-nuts are used. 

Valve-gear. — The whole of the valve-gear is worked 
out with geometrical accuracy, and it is arranged in a 
simple and plain manner. The pins and wearing 
joints are large, and there is almost an entire absence 
of split-pins and loose washers, which so often bring 
locomotive-engines to grief. The centre lines are so 
struck that, when the gear is in the best working 
position, all the levers oscillate equally on each side 
of their several centres, thus producing the smallest 
possible amount of distorted action. 



42 KEY TO THE LOCOMOTIVE ENGINE. 

The expansion and lifting links are forged from the 
best Yorkshire tyres, and are thoroughly casehardened 
at all the working parts. 

Excentrics. — Each pair of excentrics is cast together, 
in halves united by screws. They are not keyed on 
the axle, but they are driven by a. projecting claw, 
which takes over the edge of the crank-arm. Special 
value is attributed to the avoidance of key-seats and 
notches in a crank-shaft. 

The manner of driving the excentrics by the crank-arm 
insures their always being accurately placed in position. 
The holes or recesses left for the screw-heads are, after 
fixing, run up with patent metal, which prevents the 
screws working loose, and facilitates the lubrication 
of the excentric- straps. 

The excen trie-straps are of cast-iron, and are made 
sufficiently strong to retain their circular form when 
the strain of the valve is upon them. The bolts are 
placed as closely aa possible to the excentric, and are 
made very long and elastic. The points of the strap 
at the joints are projected outwards, so as to form 
cantilevers, and thus to assist in stiffening still further 
the strap against distortion. The effect of this arrange- 
ment is, that the wear of the excen trie- straps is in- 
credibly small. The surface between the strap and the 
excentric -sheaves is so large, in proportion to the load 
placed upon them, as to admit of a film of oil remain- 
ing between the two metals, and holding them entirely 
apart. 

Rerersing-hnndk. — The reversing-handle and rod 
are of wr ought-iron, finished bright and 
hardened. 

Crank-axle. — The crank-axle is of Yickers's steel, 
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carefully annealed after the webs have been slotted 
out. 

Wheels. — The wheels are forged solid, of the best 
scrap-iron. The spokes are brought together in the 
centre, and the bosses are made by washers welded 
on the spokes. The ends of the spokes are made solid 
with the rim of the wheels. The wheels are keyed on 
the axles before the tyres are shrunk on. The tyres 
are of Krupp steel, made with a projecting lip fitted to 
the side of the rim of the wheel, and secured by 
screws. The counterweight is forged solid with the 
wheel. 

Azk-boxes. — The flanges of the axle-boxes are con- 
tinued upwards, so as to entirely close the side of 
the horn-block, and thus prevent dirt and foreign 
matter from finding its way to the working surfaces, 
and also to keep the axle-boxes perfectly upright. The 
axle-brasses are made of a square form on the outside, 
and they project downwards for a considerable distance 
below the centre of the axle, so that they may be sup- 
ported by the keeper, which fits up between the points 
of the brass, and so prevented from clinging to the 
journals. 

The brass is made to rest upon the journal by a 
narrow edge at the centre only about 1 inch wide, and 
it is free to follow the inclination of the axle when it 
is thrown off the level by irregularities in the road. 
The brasses so constructed are found to work very 
well. 

Springs. — The springs are constructed of mild steel, 
so soft that they will not break. 

Feed-pumps.— The engine is fitted with two pumps, 
worked direct from the cross-head. These pumps are 
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*BpeciaIly designed to pump hot water at high speed, 
and they have been very successful. One of the 
principal features of the feed-pump consists in the 
large clack-area in proportion to the ram, giving a 
large area of escape, with a small lift, and requiring a 
very small pressure to lift the bottom clack and fill the 
pump with water. When ball-clacks are used for 
pumps the weight of the valve is so great, in proportion 
to the area exposed for the feed-water to act upon, that 
the pump does not got a sufficient supply, and hence 
the difficulty of pumping hot water at high speed; for, 
of course, the vacuum formed by the ram is but very 
slight. 

The clacks have spiral wings, or guides, thus turning 
partially round by the action of the water at every 
stroke, wearing the flat seats very evenly, and keeping 
perfectly tight. The beaters are formed with a very 
large area of surface, for the purpose of preventing the 
clack from striking the beater too hard. With the 
proportion given in these pumps, the two metals never 
come into absolute contact, the force required to drive 
out the volume of water between the two surfaces being 
sufficient to arrest the motion of the valves. This has 
been proved to he the case; for there are many 
instances of pumps that had been working upwards of 
two years, in which the head of the clack was found to 
be discoloured, and had the marks of the turning-tool 
remaining. 

The air-vessel forming part of the pump, and in 
immediate connection with the clack, also operates to 
prevent percussion. 

The delivery-pipe to the boiler is made of small 
diameter, and it is found to be amply large enough for 
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(lie purpose. There is a small snifting clack on the 
suction-pipe of these pumps, to admit air, so that whilst 
the pump is supplied with as much water as is found 
necessary for the boiler, the remainder of the working 
barrel is filled with air, which is forced along with the 
water into the boiler, and still further tends to take off 
percussion. 

The pump-rams are of steel, secured direct into the 
slide-block ; they are found to work in this position 
with very little wear. One pump is in practice capable 
of supplying more water than is required for the boiler, 
although two pumps are provided. 

Lubrication. — The manner of oiling has been well 
considered. All the axle-boxes and the horn-plates 
are supplied with oil through pipes, from oil-cups 
fixed to the inner Bide of the wheel- splashers, to secure 
at all times a plenteous supply of oil to the working 
surfaces. The swabs on the glands of the piston-rods 
and the valve- spindles are likewise, and in a similar 
way, constantly furnished with sufficient oil to lubri- 
cate the piston-rods and valve-spindles throughout the 
trip. 

Steam-brake. — It is necessary with fast trains to 
keep time by running at a high speed. This, how- 
ever, can only be safely done when the engine is 
provided with a very powerful brake that will act 
promptly when required, so that the train may be 
stopped at any point where the driver may he called 
upon to do so. This engine is provided with a brake 
consisting of one large brake-block placed in front of 
each of the driving and trailing wheels, connected by 
transverse rods at the bottom, to the end of which, 
outside the wheels, are attached two continuous rods 
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with other short transverse rods at the back end, 
extending to two short levers on the weigh-shaft 
placed across the engine, behind the firebox. 

On this weigh-shaft are fixed two levers, one of 
which ia connected with a screw for the hand-brake, 
having slotted links to permit the motion of the lever 
independently of the screw if necessary ; the other one 
is attached to the piston of the steam-cylinder, which 
is bolted directly under the footplate in a vertical 
position. This cylinder is 9£ inches in diameter 
and has a stroke of 6 inches. The weight of its piston 
is sufficient, when the steam is taken off, to force the 
brake-blocks away from the wheels. The piston is 
controlled by a 3-way valve placed upon the front of 
the boiler, having a lever very conveniently arranged 
for the driver to operate. By turning the lever in one 
direction, steam is admitted below the piston ; and by 
turning the lever in the other direction, the steam is 
allowed to escape from below the piston, into the 
tender. By a judicious movement of the handle, the 
action of the brake may be modified in its intensity, 
varying from a slight touch of the wheels up to a 
pressure of two tons on each brake-block. This pres- 
sure ia found to be nearly sufficient, but not quite so, 
to skid the wheels. The bottom of the cylinder is also 
provided with an inverted valve about ^-inch diameter, 
which falls open by its own gravity, and remains open, 
allowing water to escape entirely from the cylinder, 
being placed a little lower than the bottom of the 
cylinder. 

Speed-indicator. — A speed -indicator, patented by Mr. 
Stroudley, is fitted to the engine. It consists of t 
small fan with straight arms, revolving in a brasi 
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casing full of water. The water is, by the centrifugal 
force of the fan, maintained in a vertical copper tube, 
terminated by a glass tube like that of a water-gauge. 
By the height at which the water stands in the tube, 
which is suitably graduated, the speed is continuously 
indicated. The fan is driven by a leather belt from 
the crank-shaft, as will be seen from the illustration. 

The Cab and its Fittings. — The cab, or covering for 
the engine-driver and the stoker, is erected over the 
foot-plate. It is furnished with sundry fittings, with 
a view to make everything exceedingly convenient for 
the engine-driver. Fixed by the side of him are 
handles for working the front and the back dampers, 
dry-sand boxes, and the waste-water cock at the 
bottom of the steam-chest. In front of him are the 
handles for the "pet-cock of the pump, the blower, 
and the lubricator fixed on the smoke-box for the 
cylinders. 



"grosvbnoe" locomotive. 
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1. 

2. 

3. 

6. 

22. 



LONGITUDINAL ELEVA- 
TION. 

Fig. 6. 

> Barrel of boiler 

Smoke-box 
Chimney 

32. Spring balance 

33. Whistle 

34. Dome 

64. Exhaust-pipe 
70. Gab 

86. Brake-blocks 

87. Life-guards 

88. Trailing-axle and wheel 

89. Leading ditto 
(54. Driving-axle) 

O. Speed-indicator 

P. Splasher 

8. Sand-box 

T. Tool ditto 

V. Safety-valve 

W. Balance in driving-wheel 

LONGITUDINAL SECTION. 

Kg. 6*. 

1. (Rings arranged telescopi- 

2. < cally, forming barrel of 

3. ( boiler 

4. Solid angle-iron ring 

5. Tube-plate 

6. Smoke-box 

7. Shell, or covering-plate 

8. Foundation-ring 

9. Throat-plate 

10. Back-plate 

11. Fire-door 

12. Covering-plate of inside fire- 

box 

13. Tube-plate 

14. Back-plate 

15. Stays 

16. Mouthpiece 

17. Stays from inside firebcx to 

shell-plate 

18. Palm-stays 

19. Tubes 

20. Smoke-box door 

21. Pinching-screw 



22. Chimney 

23. Chimney-cap 

24. Blast-pipe 

25. Top of blast-pipe 

26. Balance-weight 

27. Wheel-spokes 

28. Front buffer 

29. Mud-plug 

30. Safety-valve 

31. Ditto lever 

32. Spring balance 

33. Whistle 

34. Dome 

35. Regulator 

36. Steam-pipes 
37* Elbow-pipe 

38. Brick arch 

39. Fire-bars 

40. Ash-pan 

41. Front damper 

42. Back ditto 

43. Frame-plate 

44. Iron buffer-beam (front) 

45. Ditto ditto (back) 

46. See plan (cylinder) 

47. Cylinder, ports, valve 

48. Valve-chest 

49. Steel motion-plate 

50. Horn blocks 

51. Axle-boxes 

52. Slide-bars 

53. Connecting-rod 

54. Crank-shaft 

55. Big end 

56. Arm of ditto 

57. Expansion-link 

58. Weigh-bar shaft 

59. Valve-spindle 

60. Ditto rod-guide (see plan) 

61. Pump 

62. Delivery-pipe 

63. Feed ditto 

64. Exhaust ditto 

65. Volute spring 

66. Draw-bar hook 

67. Lamp-iron 

68. Oil-cup 

69. Ditto pipes 

70. Cab 

71. Regulator handle 

72. Reversing-lever 
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73. Draw-bar 82. I-ieuding-wheel 

74. Ditto pin S3. Spring 

75. Steam-brake cylinder 84. Hand-rail 

76. Hand-brake ' 85. Brake-blocks 

77. Sand-rod 86. Waste water-cocks 

78. Front damper 87. Iifc-giiard 

79. Back ditto 88. Trailing-axle 

80. Trailing--- heel 89. Leading ditto 

81. Driving ditto Z. Lead-plug 



HALF-SECTIONAL PLAN. 
Fig. 6 *. 

43. Frame-plate from end to end of engine 

44. Iran buffer-beam 
46. Cylinders 

60. Horn block, to carry ailo-boi and broad 

61. Axle-box and brass 

62. Slide bars 

63. Connecting-rod 

64. Driving-axle 

65. Big end 

66. Arm of ditto 

59. Valvc-spindlo 

60. Valve-rod guide 

7G. Hand -brake 
s:,. Urake-blockg 
88. Trailing-axle 
80. Leading-axle 

90. Piston-rod 

91. Ditto head, hold on the rod by a brass nut 

92. Buck-way eoo-rod 

03. Front ditto 

04, Fee-strap 

06. Ecc-sheaves 
96. Tyre 

07. Lip on tyre 
Us. Ilrake-irons 
B8, Foot-plating 

100. Transverse-stay 

A. "Water-spate between inside and outside flre- 

B. Slide-block, Willi end of pump-ram strewed into 

tho end 

C. Link-motion (sec 57 long, sec.) 

D. Slide-valve-rod working-guide 

H. Inside journal, t<hoivm<_' tin axle is supported 

inside of frame-plates 
I. Cross-head, solid, with piston-rod 




nLltl'. [if. Hllli.-S. ■-'.!. CI., 

"id. "•>!. Ann ot l.% end. 
'- /'. S , iJ.i-Jjcps over ili-ivi: 



aillE-chafl. 59. B>* 

1. Dnme, A. Water space. I'. Nave or wneel- 
heels. 11, Right Bide ul vo-give. L. Left ditto- 
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;. 6 d. — The " Qrobtbkoe." End View, 



i Steam-bnile bundle. S3. Whistle-band]?. 23. Cbimney-oip. K. K. 
itbrr-ffbuw*. O Bpetd-lndioitoT. E- Guard's bell. N. Ofll™ 
index- X. Mower-handle. It Right nide at enaine, I» lieUiiUa. 
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PRINCIPAL DIMENSIONS OF THE « GROSVENOR." 

With references to the lllwttrations, Figs. G to lid, 
BOILER. 
No«. 1, 2, 3. Barrel— 

Length II) S Long. Section. 

Diameter outaide ... 4 5 „ 

Thickness of plates ... 01 „ 

Ditto tube-plate 0| „ 

Nos. 7, B, 10. Outside Firebox— 

Length outside 6 ?j „ 

Breadth ditto .... 4 1 

Thickness of covering plate . Oft 

Nog. 9, 10. Thickness of front and liaek I „ „. 

plates . . . . f ° U! 

No*. 12, 13, 14. Inside Firebox (Longl. Seetion)— 

Length inside at bottom 3d 

Ditto ditto top o 2 

Breadth ditto bottom 3 4} 

Ditto ditto top 3 2} 

Heights-bare to crown— front ....611 

Ditto ditto ditto tek .... 4 4} 

Thickness of plates lij 

Ditto tu.be-pin.ta «i 

Water space, front at bottom . . . . 3 

Ditto ditto top 

Ditto sides a.t top 6 

Ditto ditto bottom .... 3 

Nos. 7, 12. Distance between crown of inside firebox and I , ,, 

outside firebox, front t * 

Nos 7, 12. Distance between crown of inside firebox and \ , , , 

outside firebox, back .... J * 

N ; . :>■■■!■ ■' ■■■■■ .-.■- ..v ■ . . : : n 

Centre to centre of ditto, in copper-plate . 4 in. by 4} 

Diameter of ditto o£ 

No. 15. Central at firebox oopper-atayi . . . . 4 

Diameter of ditto 0[ 

Pitch of thread on ditto rV 

No. 39. Area of fire-grate, square feet , 19-3 
Surface of firebox, ditto . 110-0 

No. IS. Tube*— 

Length 10 10 

Diameter outside . . . . . If 

Thickness, B.W.Gr. 10 and M 

Number 20S 

Outside heating surface, sq. ft. . 1022 
Total heating ditto ditto .1132 
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No. 24. 
No. 25. 



No. 6. Smoke-box — 

Length outside • 

Breadth ditto 
No. 20. Diameter of door 

Thickness of plates 
No, 22. Chimney— 

Height from the rail 

Diameter at bottom 

Ditto at top 

Blast-pipe — 
Diameter at top . 
Area at bottom . 
Height from centre of boiler 

No. 61 plan. Pump — 

Number . • • 

Diameter of ram 

Stroke 
No. 62 long. sec. Diameter of delivery-. 
No. 63. Ditto of water supply 

No. 30. Safety-valves — 

Diameter . 
No. 31. Total length of lever 

Centre of valve to fulcrum 

Effective load of lever, valve, 
and spring per square inch 

Number of valves 
No. 46 plan. Cylinder (Horizontal] — 

Diameter of cylinders 

Length of stroke 

Centre to centre 
No. 36 long. sec. Diameter of steam-pipe (two) 
No. 90 plan. Ditto piston-rod 

Centres of valve-spindles . 
No. 48a. Diameter of valve-spindles 

No. 47 long, sec Porte — 

Length 
« and b. Breadth of steam 

e. Ditto exhaust • 



i 



Fig. 3. Slide-valve — 

Travel • • 
Lead .... 
Lap outside 
Throw of ezcentric . 
Breadth of ezcentric . 
Length of excentric-rods 

No. 53 long. sec. Connecting -rode — 

Length 

Diameter at small-end 
Ditto big-end 



90 sq. in. 



2 



140 lb. 
2 



ft. in. 

2 1\ 
4 11* 

3 9 
Of 



13 
1 
1 



1 

2 
2 







2 
5 

4 



4f 

1 0J 






2 


2 








2 





2 





2* 


1 


6 





3* 



5 

2 

3 

2\ 
61 
li 



1 3 
1J 
2 



4 

0* 
0* 
5 J by 2* in. 
2i 
4 10 

6 6 
2}| 
3J 
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Ditto of bolts at big-end - 
Ditto of croaa-head gudgeon 
D plan. Lengtb of slide-block 

Winds— 
No. 821ong. see. Diiimirtcr of L hiding-wheels 
HI „ Ditto of driving ditto . 
80 „ Ditto of trailing ditto . 
E Centres leiolinj,- to driving 

E Ditto driving to trailing 

E Total wheel-bane . . _ . 

Between backs of tyrea, loading 



No. 65 long, sci 
No. fi6. 



Ditto 



Diameter of inside bearings 
Length of ditto 
II Centrea of ditto 

F Depth through nave of wheel . 

F Diameter of nave ditto . 

Nos. 89, 88. Leading and Trailing Axles— 

Diameter at centre . 

Ditto in nave of wheel 

Ditto of bpjiringa 

Length ditto . 

Centres ditto 

Depth through nave of wheel . 

Diameter of ditto 

No. 43. Inside Frames— 

Distance apart inside 

Least depth .... 

Thickness 

No. 65 long, sec Driving Springs — 

Volute (2) 11J long, diam. 
No. 83 long. sec. Liwlimi and Trailing Springs— 



Breadth . 

Depth 

Camber, loaded . 

Centre of boiler from n 

Foot-plate from roil . 

Width of platform . 

"Weight On leading wheels 
Ditto driving ditto 

Ditto trailing ditto 

Total weight of engine empty . 



3 111 
7J 
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CHAPTER IIL 

CHARACTERISTICS OP GOOD-WORKIKG ENGINES 

PERFORMING LONG RUNS. 

The " Pandora " Express Locomotive, by Mr. John 

Ramsbottom. 

The " Pandora " is an express passenger locomotive 
of the class of the " Lady of the Lake/' designed and 
constructed by Mr. John Ramsbottom for working the 
Limited Mail and the Irish Mail trains on the London 
and North-Western Railway. The chief features of 
interest in the engines of this class (Fig. 6e), from 
the engine-driver's point of view, are that they steam 
well and run well. It is a sight worth seeing, and 
not easily forgotten, to view these engines steaming 
away across the Trent Valley — worthy of the descrip- 
tive pen of Elihu Burritt : 

" A tale like ' Waverley ' we yet may scan ; 
But shall we read a lay like ' Marmion.' '* 

The steam-generating properties of these engines have 
teen found by experience to be remarkably good. 
They will take a moderate load at express speed with a 
consumption of 22 lbs. of Welsh coal per mile. 

The barrel of the boiler is formed of three rings of 
plates -ft-inch thick, arranged telescopically. The 
covering plate of the firebox is made to form a straight- 
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backed boiler, the centre of which is 6 feet 6§ inches 
above the rails, and the mean internal diameter of the 
barrel is 3 feet 10£ inches. 

The copper firebox is 4 feet 1J inches long, 3 feet 
6 inches wide, and 5 feet 4£ inches high. 

The copper stay-bolts uniting the shell to the copper 
firebox are 4 inches apart, centre to centre, vertically 
and lengthwise. 

The boiler is fitted with 192 tubes of brass 1£ inches 
in external diameter, and they are placed |-inch apart. 



obtain for the tubes 
ng Burface for the firebox, 
jig surface, and 14.9 square 



From the above dim 
1,013 square feet of heatin 
and 85 square feet of heatin 
feet of grate. 

It therefore appears that the boiler is somewhat 
smaller than what is now generally made for heavy 
passenger traffic ; and it is necessary to explain that 
the " Pandora " class was designed and built by Mr. 
Ramsbottom many years ago, and when the traffic was 
much lighter ; but as the engines were models and 
favourites, it was thought desirable and worthy to give 
them a place in this volume. Subsequently, Mr. Barns- 
bottom designed other engines that steamed and ran 
admirably, of the 4-wbeel coupled class, to meet the 
demands of the traffic requirements on the heavier 
portions of the line ; but the drivers never took to 
these engines as they did to the "Pandora" class. 
This is like Englishmen ; they like to see big things — 
big ahips, big bells — Big Ben — big wheels. Go to 
King's Cross station, Great Northern Railway, when 
one of Mr. Stirling's engines stands there, " champer- 
ing and foaming," waiting for the signal ; and then go 
to St. Paucrau when one of Mr. Johnson's magnificent 
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bogie-engines is going away ; and, although both, en- 
gines are superb and designed for special work, the 
8-feet driving-wheel acts as a kind of magic andl 
" brings down the house." 

Turning again to dimensions : — 

The driving-wheels of the "Pandora" class are 
7 feet 7£ inches, cylinders 17 inches by 24 in. 

The piston, Mr. Ramsbottom's patent, has three 
grooves in it to receive three steel rings, each £-inch 
square, which keeps the piston steam-tight. These 
steel rings are sprung over the piston into the grooves. 

The safety-valves, "Ramsbottom's patent," consist 
of two 3-inch valves fitted into two brass pillars 
pressed down by a cross-bar with a spiral spring at- 
tached to the centre of the bar between the two valves 
— an arrangement that cannot be locked. The valve 
is prompt in discharging any quantity of steam of 
excessive pressure. 

When the end of the lever is pressed upwards by 
the driver, it eases the valve nearest to him, and when 
pulled downwards, it eases the other valve. 

The steam-pipe in the boiler is 5J inches, and in the 
smoke-box 3f inches in diameter. 

The slide-valves are moved by excentrics having 
2£ inches radius, or 5 inches total throw, and con- 
nected by rods 3 feet 10 inches long, to a link of 
3 feet 10 inches radius. The valves have f -inch lap 
at each end, and ^-inch inside lap, with J-inch lead. 

The orifice of the blast-pipe is 4£ inches in diameter. 
The chimney is cylindrical, 15 J inches in diameter; 
the top is 13 feet 1 inch from the rail. 

The connecting-rod is 6 feet 2 inches long, centre* 
to centre; the crank-pin, fitted into the crank-bossed 
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driving- wiaal, is 4J inches in diameter, and the cross- 
Aead pin 2j inches in diameter — half the diameter of 
crank-pin. 

The axles are all of wrought-iron case-hardened. 





Dimension 


op Axles. 






Journals. 


Body. 


Ends in whoel 


Lending . . 
Driving . . 


6" X 10" 

7"X r 

G" X 10" 


6A" dia. 


71" x or 

fif x si" 

7J" X W 



Ejcpress Locomotive, by Ma. Patrick Stirling. 

"lie engine illustrated by Fig. 6/ may be accepted, by 

^ as on of its dimensions and the work it performs, as 

"-5 1 " representing a good type of an English single 

en eirie. The cylinders are 18 inches by 28 inches, 

aXx ^. the driving-wheel is 8 feet in diameter. Engines 

ol tliis class run from London to Grantham, with the 

* ea m on, a distance of 105 miles, and, as Mr. John 

^-°UingMhead says in one of his "Odd Journeys," 

*"*§■ us "out of the sunlight into the mist, again 

° ut of the mist into the sunlight, past undulating 

P a rlt s rich with the red-brown tints of autumn ; past 

1'** l *sl; pools and churches in among the hills ; past 

**t&ry signalmen and side stations, where weary 

_&Hies rest from their labours ; past hurrying trains, 

*****. a crash and a. whirl, and away." The above is 

G longest daily run without a stop, made in England ; 

™ er farmed day after day with complete success, much 

*c»e satisfaction of the " gods " who are in a constant 

ft te of migration between the Tweed and the Thames, 
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and who enjoy a bold bit of enginemanship. The 
service done by these engines is well done, and the 
trains they work are very popular. 

The impression made by one of these beautiful me- 
chanical constructions upon any observer is one of 
admiration. Few indeed could withhold from it the 
praise due to a piece of work which is considered by 
well-qualified judges and by people of taste and autho- 
rity to be a masterpiece. It has marks of the " go " 
about it, and is really a fine engine. 



Dimensions and Particulars of the 8-feet Passenger Engines 
of the Great Northern Railway. 

Outside Cylinders — ft. in. 

Diameter 18 

Stroke 2 4 

Diameter of driving-wheels 8 



Wheel base — 

Bogie-wheels, centres .... 
From centre of bogie-pin to driving-wheel 
From driving-wheel to trailing- wheel 
From trailing- wheel to centre of bogie-pin 
Extreme wheel base .... 



6 6 
10 9 

8 8 
19 5 
22 11 



Heating surface in tubes . . 1043 square feet, external. 
„ „ firebox . 122 „ „ 



Total . . 1165 

Weight on Wheels — tons cwts. qrs. 

Bogie leading 7 

„ trailing 8 

Driving 16 

Trailing 9 10 



Total . . 40 10 



Capacity of tender for water . . . 2,700 gallons 

,, „ coal ... 3$ tons. 
Average consumption per train-mile of Yorkshire 
steam-coal 26 lbs. 
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MR. JOHNSON 3 EXPRESS LOCOMOTIVE. 



Express Bogie-Engine, by Mr. S. W. Johnson. 



TMb very handsome express engine may be ac- 
cepted as a model of its class. It is specially well 
proportioned. The greatest degree of attention has 
been given to the perfecting of the design of the engine, 
even to the most minute details ; and the result of 
such well-directed study has been a beautiful form, 
commanding admiration as a mechanical achievement 
of the highest order. 

The class of engines here represented run very 
steadily at high speed, either on curves or on straight 
lines. They can draw 14 carriages at a speed of 50 
miles per hour from London to Leicester, a distance 
of 100 miles, without stopping intermediately. The 
line is constructed with gradients averaging 1 in 300. 
The fuel consumed on this work is 28 lb. of ordinary 
Derbyshire coal per mile. The boiler is fed by two 
of Gresham's non- adjustable single cone injectors, one 
of No. 7 size and one of No. 8. The No. 7 size 
injector is fitted on the left side of the boiler, and for 
ordinary work will, when continually in action, keep 
the boiler supplied with water. The No. 8 injector 
is turned on during heavy-working and in very rough 
weather ; or in case of the failure of No. 7. This 
arrangement of injector is generally adopted, providing 
a continuous supply and preventing the waste of water 
necessitated otherwise by frequent starting and stop- 
ping of the injector. 

The bogie of this engine is arranged on Adams's 
system. The tender is capable of holding 2,900 gal- 
lons of water, and carries about 4 tons of coal. 

Some of these engines are fitted with steam-brake 
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on both the engine and the tender. The chief dime] 
mods of these engines are as under — 

n. in. 
Diameter of cylinder .....IB 

Stroke of piston 3 3 

Diameter of wheel (coapled) . ..70 
Ditto ditto (bogie) . . . 3 B 

Wheel base — centre of bogie to centre of 1 in a 
traeting axle .-....) 



Hinting Sm 
Till* 



nbea 1,160 aq. ft. 

Firebox . . . . 110 „ 

1,260 „ 

Grate-area ... 17J „ 

Differences of Staler Engines. — .It is an old saying on 
railways that no two sister engines were ever built that 
would steam and race alike. This is true. The differ- 
ence cannot, of course, be attributed to the drawings or 
the templates from which the engines were made. It is, 
for the most part, due to the putting of the parts of the 
engines together ; for no two engines ever were put 
together geometrically olike ; and even when they are 
very nearly identical in the erection, they may be, and 
have been, made very unlike by so simple a matter as 
the construction of the brick arch by the "brickie " in 
the firebox. Arches may be too long, too short, too 
high, or too low. They may also be rendered unlike 
by following slightly different lines in cementing the 
smoke-box — probably the most sensitive member about 
a locomotive engine. There are many other ways of 
explaining why a difference should exist between sister 
engines. It may be in the castings of the cylinders, 
tn the copper of the firebox, in the valves, or in the 
chimney. But, whatever it may be, an engineer may. 



STEADINESS AND SAFETY. 



rby close observation, be enabled soon to detect its true 
locality and its cause. 
Free Running. — To secure a free- running engine, the 
crank-axle, when in its position, must be exactly at 
right angles to the centre-line of the cylinders, and 
absolutely parallel to all the other axles ; for when 
these important parts are not in line with each other, 
the want of parallelism occasions a host of calamities 
too numerous to be mentioned. It causes a sinuous 
motion. Want of parallelism excites a constant ten- 
dency to roil the engine m a curved path, always 
(toward the same side, so causing the flange of one 
wheel to wear away rapidly, while the other wheel on 
the same axle may have its flange in good form. 

Steadiness and Safety. — To secure a steady and safe 
engine, the oblique action of the connecting- rod, which 
produces pitching and rolling, by lifting the engine up 
when steam is on the piston, and dropping it again 
when it is exhausted, must be neutralized to a greater 
or less degree by suitable springs. Again, the fore- 
and-aft movement of the engine which would arise 
from the reciprocation of the piston and its appendages 
—a movement independent of any unsteadiness by the 
pressure of the steam — is neutralized by the counter- 
weights which are placed between the spokes of the 
wheels. The leading wheels, which guide the engine 
laterally, are placed well forward, and to get the wheels 
so placed the cylinders, in some engines, are inclined. 
In other engines, bogies are used, with horizontal 
cylinders, as, for instance, in t"he express engines built 
at Doncaster by Mr. Patrick Stirling (Fig. 6/), and 
those made by Mr. Johnson at Derby (Fig. f 
The driving-wheels, or rather the crank-axle, 
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placed well backward toward the firebox, which places 
the centre of gravity, and consequently a preponder- 
ance of the weight of the engine, in advance of the 
axle. By this arrangement the disturbing influence 
of the connecting-rod is subdued ; and, besides, a longer 
connecting-rod than can be got otherwise is admitted, 
which also contributes to reduce the pitching and 
rolling movements. 

The trailing-axle is placed well backward, and checks 
any pitching movement better than if it be placed more 
forward. The springs, at least for the leading and 
trailing axles, are placed well apart ; and they are of 
sufficient strength promptly to absorb the rolling motion. 

The height of the centre of the boiler from the rails, 
within reasonable limits, is not an element which affects 
materially the stability of the engine when running at 
high speed- There is no doubt, in fact, that the safest 
engines running are high-pitched. 

The distance from the centre of the trailing-axle to 
the centre of the leading-axle is the measure of the 
wheel-bate of the engine. 



CHAPTER IV. 

TO SET THE ELIDE- VALVES. 

The slide-valves are set thus : — First, the valve is 

placed in the Bteam-cheBt, with the spindle attached, 
so that one edge of either the front or the back steam- 
port is just uncovered; and the position of the spindle 
is marked outside of the gland, and also upon the 
stuffing-box. The distance between these marks cor- 
responds to the distance between the two points of 
a trammel used by the valve-setter. The valve is 
shifted, and the spindle again marked, with the steam- 
port a little open, at the opposite end of the cylinder; 
the punch mark on the stuffing-box used in the first 
instance serves again ; and therefore, in this case, all 
that is required is to place the leg of the trammel 
into it and mark the spindle with the point of the 
other leg. 

This operation is also performed with the other 
valve; and, all things being ready, the steam-chest 
cover may then be put on. After the valve-spindles 
are connected to the links and the eccentric- rods in 
their places, the next step is to try the engine over, 
with the reversing lever in the best working position, 
which is that in which most engines beat the best, and 
do the most work. 
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The engine ia moved by pinch-bara, until one cross- 
head is nearly at the end of the stroke, when it is 
stopped. A perpendicular line is made by a steel 
scriber on the side of the slide-block and slide-bar, so 
that the engine may he put exactly into the same position 
again. Before the engine is moved another mark is 
made on the frame-plate, and also upon the face of the 
tyre of the driving-wheel, to be used, like the marks 
made elsewhere, to obtain relative points. In the 
centre pop in the frame one leg of a trammel is placed 
while the other is extended to the face of the tyre and 
marks it ; here another pop is made. The engine is 
again moved until it has passed the dead-centre, and 
the slide-block has reached the same position it occupied 
when it was before marked. This position is determined 
by the scribe marks on the slide-block and slide-bar. 
When this position is attained, the leg of the trammel 
is placed in the same centre mark in the frame and 
the other point of the trammel marks the face of the 
wheel at another place, which is fixed by a centre pop. 

Two relative points are thus obtained upon the face 
of the wheel, the distance between which ia bisected 
with a pair of compasses, and a third point ia made mid- 
way between them. The engine is then moved back 
until one point of the trammel, with the other in the 
frame-mark, drops into the third or middle point of the 
three. On a little reflection, it will clearly appear that, 
when the above conditions are obtained, the engine is 
exactly on ono dead-centre, with the connecting-rod 
and the crank in a horizontal line. Now, it is already 
known when the valve is open a little, from the valve- 
trammel and the marks upon the stuffing-box and the 
valve-spindle ; and, therefore, the valve-setter may 
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^rtain exactly, by means of the trammel, whether the 
p Wve ia open or not, when the engine ia on the dead- 
ce Dtre; or, further, he can ascertain exactly, to a hair- 
breadth, the position of the valve in relation to the 
Piston at any point of the stroke. 

The centres are all found in the same way ; and, 
when there is any difference in the leads, the eccentric- 
rods are either shortened or lengthened until the motion 
•a "square." 

There is, however, another method of setting valves, 
when the dead-centres are found as above. Four 
wedges are provided and marked R.F., E.B., L.F., 
L.B. The first one, right front, is, when the steam- 
claest cover is off, inserted into the port as far as 
it will go, assuming that the engine stands on the 
right front dead-centre. The wedge is run up and 
down by hand in the opening, that it may be marked 
°r scribed by the edges of the port and the valve. It 
l » then withdrawn, and the amount of opening, gauged 
"y the marks, by which the valve uncovers the port for 
s team I when the piston is in the above-named position, 
18 clearly seen and may be measured. The piston is 
010 Ved to the other centres, and the respective amounts 
°* opening are obtained in the same manner. The 
^ges are then compared, and, being lettered, any 
at «erence in the leads is discovered, and is rectified. 

^Vheu the valves are to be finally set the boiler 
^°U.ld be warmed, and should have about two inches 
Water in the gauge-glass ; the motion also should be 
1 a working temperature. Thus all uncertainty re- 
specting the expansive working of the steam is excluded. 
■^OT-eover the engine may, in this condition, be moved 
f *"eely by pinch-bars. 




HOW TO BECOME A MODEL ENGINE-DRIVER. 

The most important questions that can be asked by an 
aspirant of tho foot-plate is, How can I best be taught? 
and, How can I best learn locomotive driving? 

To learn anything well, a great philosopher hath laid 
down three things most essential, namely, models, rules, 
and practice. 

The foot-plate of a locomotive engine is the only place 
where experience can be acquired of the ways in which it 
is possible for an engineman or an engine to go wrong. 

During the time that an engine is under steam with 
a train, everything seen, heard, felt, and smelt is capable 
of affording a lesson. On the engino foot-plate the eye 
is trained to distinguish different colours at considerable 
distances. The ear learns to detect the slightest varia- 
tion in the " beats " and knocks about the machinery, it 
learns to distinguish the difference between the knock 
of an axle-box and the knock of a journal. The human 
frame learns to distinguish the shocks, oscillations, &c, t 
which are due to a defective road from those which 
are due to a defective engine. The olfactory nerves 
become from experience very sensitive, so as to detect 
the generation of heat from friction before any mischief 
is done. 



model EHGnrs-DKrvm. 73 

T*fc is only whilst an engine is in steam and going at 
f°od speed that the rocks, coral-reefs, and sand-banks 
°*x railways can be seen and learned ; and the value o£ 
ar| d rank acquired by, an engineman, are proportionate 
to the pains that he takes to find them oat, and to mark 
tlxeir dangerous position upon his chart. Just by so 
nauch as there is of this inquiring spirit within a man 
^ill lie achieve success. 

It is very natural for those who are unacquainted 
^th locomotive driving to admire the life of an 
e **gineman, and to imagine how very pleasant it must 
t* 6 to travel on the engine. But they do not think of 
the gradations by which alone the higher positions are 
re *ched ; they see only, on the express engine, the pic- 
fr**esque side of the result of many years of patient 
observation and toil. Among the masters of the iron 
horse we 8 hall find models ; but they are not all models 
°** the express engines. 

The Model Engine-driver. — A model driver is distin- 
8t*iahed for the fulness of his knowledge of the engine. 
-He is possessed by a master-passion — a passion for the 
^onarch of speed ; and whatever contributes to enlarge 
***s stock of information concerning it, contributes to 
**** happiness. Thomas Telford, who designed and 
^^cted the Menai Bridge, Conway, North Wales, used 
^ say to his friends, when they endeavoured to intro- 
duce political topics into their conversation, '* I know 
Nothing about politics ; talk about lime. 9 ' What then P 
Why, he was in his element. A model driver is just as 
luuch at home about engines as Thomas Telford was 
about " lime/' Pointing to any particular class of engine, 
or part of an engine, he can inform his friends that 
such an engine was built by Timothy Hackworth. 
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Further, he can tell *hem what railway engines every- 
where owe to that engineer. He can single out a 
Sharp's, a Wilson's, or a Slaughter's engine. " Look 
here," says he, " that big-end was in use when I was a 
boy : it went out of date, and now Mr. So-and-So has 
adopted it. This piston was brought into use by an 
eminent engineer, now retired, namely, Mr. Rams- 




Fig. 7.— Puffing Billy, 182fi, 



bottom, late Locomotive Superintendent of the London 
and North- Western Railway. That radial axle-box 
is Mr. Bridges Adams's patent; this carriage- wheel is 
Mr. Mansel's; that is the straight-link invented by 
Mr. Allan; and that is the box-link." He is able and 
pleased to begin at "Puffing Billy," 1825 (Fig. 7), 
and to trace the historical progress of the locomotive 
to the present time. 
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The model driver ia a good fireman. A man may be 
a first-rate mechanic ; he may have worked at the best 
class of machinery ; he may have built engines, and 
have read all the published books on locomotive 
engines ; and yet, if he be not a good shovel-man, he 
must be classed with the men who, as Shakespeare says, 
are " of no mark or likelihood," for he will never be a 
first-rate driver ; his firing must be first-rate who pos- 
sesses the like quality of driving, for the power of first- 
rate firing is a qualification indispensably necessary for, 
and inseparable from, first-rate driving. For such 
reasons it is that, as a rule, mechanics make but indif- 
ferent enginemon. A good fireman knows when to put 
the coals on, how, and where, and the right quantity 
required at each firing. 

A model driver is clean, and, depend upon it, his 
engine is clean also. The man costs the company less 
than other men in paper, and his engine costs the least 
for repair. Ask all the locomotive superintendents in 
Europe if this is not a fact. Cleanliness is said to be 
next to godliness. Upon a railway, it may with truth 
be said, that cleanliness is next below the highest talent, 
and next above length of service. A clean driver fre- 
quently scales the ladder of progress much faster than 
a dirty driver, although the latter may have experience 
in his favour. There is something so very degrading 
about dirt, that even a poor beast highly appreciates 
clean straw. Cleanliness hath a charm that hideth a 
multitude of faults, and it is not difficult to trace a 
connection between habitual cleanliness and respect for 
property, for general order, for punctuality, for truth- 
fulness, for all placed in authority. It is for ever asso 
ciatedwith a kindly feeling towards poor dumb animals. 







If aw gkM* ■* those Men who have raised them- 
i of first-class inspectors, drivers, 
dad each individual blessed with 
; the predominating one 
Did we ever see an 
i grt on who wore dirty, greasy cap, coat, 
trowaera, shining like velvet. And, on the 
■y, did it ever occur to us that the greatest tor- 
Bents upon a railway, both to themselves and to others, 
are thoae who are habitually dirty, who carry the prime 
mirks of their inner aaan outside. A model driver 
rwna the most important trains, makes the longest run 
without a stop, makes the longest run with fewest stops, 
and he rans every trip with andeviating success, day 
after day. 

The " Limited " and the " Irish " mails are two very 
important trams; and the engine attached to the latter 
train ran for years, until recently, the longest dis- 
tance daily between two stopping stations without 
an intermediate stoppage — Holyhead and Chester, 
ninety-seven miles. 

Both of the above trains are run with marked punc- 
tuality. Moreover, some of the Crewe " engineers " run 
from Crewe to London and back in ten hours, a 
distance of three hundred and thirty miles, including 
a stoppage of three minutes at Rugby each way. It 
should be mentioned that they remain about two 
hours in London before starting on the "down" 
trip. This is superior running ; and, what is more, 
it taught others what "was possible to be performed 
day after day, and all the year round, without any 
time being lost by the engines, or delays booked to 
" loco." 



BRIGHTNESS. 



Sow Successful Driving is attained. — A philosopher 
has written " a frequent similar effect argueth a con- 
stant oause." What is then the cause of constant suc- 
cessful locomotive driving P Not length of service, 
' or it would be easy to give cases in which young 
drivers have eclipsed older drivers. Not because a 
m an has served so many years upon the goods train, 
frod teen promoted, by order of seniority, to driving the 
passenger trains, for the best drivers upon all railways 
are those who have been promoted over the heads of 
others because of their brightness. " Promotion accord- 
•Qg to merit in this establishment," is a notice that 
9 hould be posted in some conspicuous place in every 
running-shed in England. Chance never built an 
engine, and it can have nothing to do with the 
driving of an engine. Yet, when driver A retires, or 
dies a natural death, or is killed, driver B is promoted ; 
le may be as dull as ditch-water, and driver T as 
bright as silver ; but on the chance death of A, never- 
theless, B is promoted. Driving, to be good, must be 
based upon rules and principles. He who strictly 
observes them, wins ; he who does not, loses. With 
the latter class all is unrertainty, the hand trem- 
bles upon the regulator, the eyes watch with painful 
anxiety the needle of the pressure gauge, and gaze 
into the fire to find out its deficiencies, and are some- 
times stricken with blindness in the attempt. Nothing 
unpleasant of this kind occurs to an engineman who 
has a reason for every act performed, either by himself 
or his mate, upon the foot-plate. He works to rules 
and principles that have proved themselves, a thousand 
times over, safe, practical, and certain in their results. 
Sound rules and principles are absolutely sure in the 
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effects of their application ; not right to-day and wrong 
to -morrow ; not right on a short trip and all astray on 
a long trip ; not right with one particular engine and 
wanting with a different engine ; not right the first 
part of i In- trip and found wanting at the end ; not 
right with one class of coal and wrong with another. 
Under the guidance of sound rules and principles, the 
mind of tho driver is free ; and he is enabled, under 
ill c ire u instau we, to handle the regulator with confi- 
donoo, to travel with a boiler full of steam, and to 
liuish with success. In a word, there are rules and 
principles wbioh lead up to, and command the attaj 
moat of, successful locomotive- driving. 



«IE- 




CHAPTER VI. 

DUTIES OF AS ENGINE- DliTYER. 

Rain and Principles, — The Aotirr-Iiaant. — Tleforo 
going to his engine, every enginetunn should, for hi* 
own safety, as well as that of the pubUfl, vinif th* 
special and the general notice-board. Ity tlio non-observ- 
ance of this simple rule, on one occasion, u driver lost 
his life, and so also did his fireman. Ity IsOfMUt I'litn 
a river had become so swollen that, by (litmiwliof wnlcr, 
(he buttresses of a wooden railway bridgo became hlnliiil. 
The bridge was inspected, and one side of it m pro- 
nounced to be dangerous. Arrangement! wore nrndi' to 
work the traffic "single road," and "uotioo" of audi 
arrangements was posted in the running-shod. Tho 
driver neglected to read the notice j ho ran hia train 
past the man appointed to pilot him over, and got oli' 
the metals down an embankment. The regular lire- 
man came late on duty, and was sent homo again, 
"until wanted;" an extra fireman was sent to do bin 
work, and while the poor fellow, no doubt, was striving 
to do his best, and probably rejoicing to think that ho 
bad come down to the shed in good time to soouro a 
trip, be was suddenly summoned into another world. 

After a driver has read the special notices, and mado 
himself fully acquainted with them, and has also looked 



at the weekly lighting-list aoain, he proceeds to 
hiB engine. An inspection of the weekly lighting-list 
is important. Two drivers have been known to go off 
the same shed, chattering with each, other, and when 
they got to the station, they found, in some strange 
way, that they both wanted to hook on to the s 
train. 

Inspection of t)ie Engine from the Foot-plate. — When 
on the foot-plate, the first thing that requires the driver's 
attention is the level of the water in the gauge-glass. 
He should ascertain whether the level, as it appears, 
shows correctly the height of the water within the 
boiler, by opening the lower cock in the usual manner. 
On being satisfied that the boiler is safe, he at ( 
takes upon himself the responsibility of looking after 
it ; and should anything prove to be wrong afterwards, 
he alone can be called to account for it. He should 
also observe what pressure of steam there is in the 
boiler, what is the condition of the fire, how much coal 
there is in the tender, and its quality ; and, lastly, he 
should make sure that the tender is properly filled with 

When a driver sees that his fame and his prospect as 
a first-class locomotive driver rests with himself, and o 
the condition in which he ventures to take his engine* 
to a train, there is very little doubt that he will dis- 
cover that his success depends in no small degree upoi 
the Kay in which he examines his engine. In a word^ 
he will feel that his reward is dependent upon his owi 
industry, and that his case is no exception to thi 
proverb, "Whatsoever a man soweth, that shall hei 
also reap." 

It may appear sufficient to some drivers to sow 
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anyhow — by halves, roughly, or unsystematically ; but 
such sowers generally reap pains and penalties, to 
their sorrow. 

-A model driver, however, ^knows from experience and 
reflection, that the only means by which he acquires 
and maintains his sovereignty over his engine consists 
in habitual, thorough, and systematic inspection; for 
in no other way is a man to become a model driver. 

inspection of the Engine, over a Pit, in Shed. — It is a 
good and safe rule 
to examine an en- 
gine over a pit be- 
fore leaving the 
rfied; and, when- 
ever it is done 
P r operly and regu- 
larly, the habit is 
^ruistakably the 
ro^rk of a thorough 
d**i^ver. Whoever, 

f w • . Y Pig. 8. — Position of the Cranks for the In- 

"■^Oaks that such spection of an Engine. 

Painstaking is unnecessary, does not yet, certainly, 

cc>x ^aprehend the secret of success in every calling of life. 

^that an engine may be properly examined over a pit, 

* *« necessary that it should be placed in such a posi- 

£^* that every part of it may be seen and inspected with- 

j ^-"ti having the machinery moved. The annexed figure 

*5~3 is intended to show in what position the cranks 

5^^*uld be placed to secure this advantage. The brake 

- ^*^uld be screwed hard-on, the cylinder-cocks should 




^- open, and the reversing-lever should be out of gear, 
"^^^ny excellent drivers have lost an arm by neglecting 

G 
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fo place the engine under the above-named conditio] 
before going underneath to make their examinations. 

The examination, to be complete, should be com- 
menced at one specified point, and conducted syste- 
matically all round the engine, until the driver returns 
to the place where he began. In general, the only 
tools which he requires to carry with him are two 
gland spanners and one set-pin spanner. The two 
former should be alike, having one end made to fit the 
piston-gland nuts and the other for the spindle-gland 
nuts, for by this arrangement means are provided for 
locking the nuts. The other spanner should have one 
end made to fit the set-pins, which hold the keys in the 
big-ends and the little-ends, and the other end to fit 
the nuts on the big-end cotters. 

The inspection should commence at the trailing 
engine-axle, on the driver's side ; and the best rule is 
to examine everything, not forgetting the fact that 
more engines break down and detach themselves from 
their trains in consequence of bolts and 6plit-pins 
working out than from any other cause. Af^er the 
driver's side has been properly scrutinized, the under 
side of the engine next claims attention. The driver 
should begin at the crank-shaft, taking his stand, where 
it is possible to do so, between the shaft and the tire-box 
whilst he is testing the bolts and nuts connected with it. 

Big-aids. — Big-ends require to be fitted brass-and- 
brass to work well, and to be well cottered or bolted 
up, but with a sufficient slackness on the crank -bearing 
to allow of their being easily moved sideways by hand, 
so that a little room may be left for the expansion of the 
journal by heat. Before a brass of any kind is tightened 
up, it is advisable to mark the cotter — on the underside. 



ma 

iro- 
ite- 
rna 



generally — that it may show, when it ia driven down, 
how much it descends at each blow. In performing 
this operation a lead hammer Bhould in every instance 
he used. It looks like mischief to see anything else 
used on work got up nicely. 

Big-end brasses do best, wear longest, and knock 

least, when tightened up a little at a time and often, 

Watead of being allowed to run until they thump 

•larmingly. With proper attention they seldom run hot. 

Big-ends require plug- trimmings made of copper 

Hfb and worsted. The wire should be from four to six 

'Belies long, doubled and plaited in the middle several 

Qc Qes, and, in fact, very nearly the whole length ; 

leaving a bow at one end which requires to be cut at 

'be middle, and to have the cut ends opened out. The 

Worsted is then wound over and over the two ends 

un til the proper thickness is obtained. When fixed in 

_'**e gyphon pipe, the trimming should just clear the 

Journal at one end, whilst the other end should be f inch 

°* J inch below the. top of the syphon-pipe, so as to form 

^ Tery small reservoir for oil in the pipe, above the 

^"irsted or trimming. These plugs require to be ad- 

J tisled to pass about four drops of oil per minute. 

Trimmings of the same kind are also required for the 

Eccentrics and the outside-rods ; but everywhere else 

1 fcail- trimmings are needed. These are extremely simple ; 

%he worsted is placed on the middle of a straight piece 

Kit copper wire, which ia then doubled and plaited 

several times, to bind the worsted just sufficiently to 

hold it. It is placed within the syphon-pipe, and 

pushed down to a position just clear of the axle, whilst 

"the ends of the worsted lie in the oil. This trimming 

will supply lubrication as long as there is oil in the 
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well. When possible, whilst the engine is standing 
or ia placed in the shed, such trimming should be 
pulled out of the syphon-pipe, and placed on one side 
in the cup or the axle-box, until the engine is about to 
be worked again. Before replacing them, it is advisable 
to pour a little oil down the pipe, to allow time for the 
trimming to commence working. The adoption of this 
precaution assists, in many instances, in preventing the 
axle from cutting — a contingency which may ariee 
from the sluggishness of the oil in the oil-chamber, 
caused sometimes by frost, or by the presence of gluti- 
nous matter. For such a reason it may be some little 
time before the oil begins to circulate, especially when 
the trimming is partially choked ; and it is for this 
reason that, frequently, trimmings suddenly refuse 
to lubricate, and are wound up in a flare. "Worsted 
is much cheaper than the lifting of an engine, and 
some thousands of hot axles would be prevented if 
drivers would only change a dirty trimming for a 
clean one a little more frequently, or see that it 
is done. "When the spring-pin rests upon the axle- 
box-tcp, and the trimming is difficult of access, it 
is even then a matter of only a few minutes to place a 
screw-jack under the buffer-beam, and take the weight 
off, to admit of the renewal of the worsted. 

Little-ends.- — -Little-ends fitted with steel bushes re- 
quire scarcely any supervision, excepting what U 
required with the oil-feeder: those which are fitted 
with brasses held with gibs and cotters require the 
same attention that has been recommended to be given 
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Eccentrics. — When the eccentrics are being examined, 
particular attention should be bestowed upon the bolt* 
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nuts, safety -cotters, and the set-pins and keys which 
hold them in their proper position, well to their 
work. The bolts that hold the two halves of each 
eccentric- strap together should always nip tightly, for 
not only do they help to maintain the lead of the valve, 
but any slackness, on the contrary, which they may 
have detracts very much from the efficiency of the 
engine. The eccentric- straps should be let up as often 
as may be required, and should not be allowed to work 
with a knock. 

Inside-springs and Axle-boxes. — Inside-springs and 
axle-boxes require their full share of inspection, espe- 
cially the interior of the latter, if it be left to the fire- 
man to oil them ; for whatever be oils tho driver alone 
is responsible. The top of the axle-boxes and the 
bottom of the boiler should ho free from dirt. 

Gearing. — "When the engine stands in mid-gear, the 
examination of the " links" can bo done under the eye. 
That part of the machinery known as the motion is 
held together by pins, and not by nuts or keys, which 
require to be well looked after. It is astonishing what 
numbers of times these tiny split pins have brought the 
" iron monarch " and his guide to grief — a fact which 
we all know, more or less ; and therefore it is well to 
remember that where many have failed caution is 
most necessary. 

Glands. — The first thing to he done respecting glands 
is to see whether they stand fair with the rods — this is 
an important point. When they are quite square, one 
Bpanner should be held in the left hand, on the gland 
stud-nut nearest to the gland, and the other spanner 
Bhould be held with the right hand upon the lock-nut, 
which should be screwed close up to the first nut. 
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Every gland should be done in the same way each time 
that the engine leaves the shed ; and drivers running 
long trips should repeat the examination before they 
attach the engine to the train for the return trip. 

Piston-rod, fyc. — The piston-rod crosshead-cotter, 
the valve-spindle crosshead-cotter, and the pump-ram 
crosshead-cotter, when they have split pins underneath, 
require to be attended to every time the engine goes out 
of the shed. 

In some kinds of engines, the leading axle-boxes are 
sometimes full of water after the boiler has been washed 
out. When such is the case, the water should be mopped 
out with a piece of waste or with the end of a cloth. 

Ash-pan. — When the examination of machinery has 
been finished underneath, the fireman should open the 
ash-pan door, or damper, so that the driver can have a 
good view inside the ash-pan. It should be nicely 
raked out, especially in the corners, where most firemen 
neglect it ; and a first-class driver will see that his 
mate performs at least this part of his duties to his 
satisfaction. It is not unfrequently the case that, in 
consequence of the ash-pan having been imperfectly 
raked out, the hot cinders roll out of it when the engine 
is at work, and, after coming in contact with the 
ballast, rebound into the wood work about the boiler, 
and set on fire the lagging. Further, the driver will 
also see that each fire-bar is well down on the cross- 
bearers, and that the fire is bright and free from 
clinkers. The presence of clinker can be detected by 
observing that the fire looks black or dull. A clean 
ash-pan, with grate-bars well down on the cross-bearers, 
makes a driver feel, when called upon to give his engine 
the " stick," in consequence of a strong side-wind or of 
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extra traffic, that the source to which he must look for 
deliverance from the " lost time list " is perfectly sound 
and trustworthy. 

Smoke-box. — When the driver haa finished his in- 
spection underneath, his first business, when standing 
at the fireman's aide of the engine, is to see that the 
chimney-end, or, more properly speaking, the smoke- 
box door, is securely fastened. Sometimes, after the 
cross-bar haa been taken out to get at the wash-out 
plug, or the tubes, it has been put in again wrong side 
outwards ; and although the handles of the door may 
have been screwed up tight, still the door was not tight. 
But the driver, when he examines the door, and the 
position of the hands on the screw, can see at a glance 
how matters stand. The door should be made air- 
tight, in order that plenty of steam may be made. The 
fireman's side of the engine requires the same careful 
overhauling as should be given to the driver's side: 
springs, spring- hangers, hornstay-bolts, splasher-bolts, 
sand-pipe, feed-pipeB, and everything that can possibly 
come to pieces, should never escape inspection. 

Brake. — The brake-acrcw demands special notice, for 
the constant duty discharged by it, especially upon 
engines working into terminal stations. When it is 
neglected and allowed to get into bad working order, it 
is just as liable to strip the thread when entering a 
terminal station as it is at some country place, where 
no risk or damage need follow from its inefficiency. 
The way to test the brake is to turn it on ao that it 
fetches the brake-blocks just up to the tyres of the 
wheels, and then observe, as it is taken off, the dis- 
tance traversed by the handle of the brake before the 
screw begins to slack the blocks from the tyrea. The 
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driv«rwill then haveno ££o% in finimg an opinion 
respecting its eoDdrtian, especially if he thinks about 
the matter — a new screw and not would move the 
blocks instantly when the handle, or hand-wheel, is 
tairned either "an" or** aft" Many failures have oc- 
curred in consequence of the working oat of the split- 
pins in the brake-irons. But it is impossible for them 
to work out if they are properly opened and looked 
after. Beware of split-pins. 

Scmr~*hacJtJe m — The screw-shackle at the back of the 
tender must be examined every time the engine is to 
go out. To do this, and to see that its connections 
under the tender are in proper working order, the 
driTer should stand in the pit. After having satisfied 
himself that his engine will stick to the train, barring 
unforeseen accidents, he should proceed as far as the 
trailing engine-axle, under the foot-plate, and examine 
it, with the draw-pin and its cotter, the feed-pipes, 
side-chains, and everything else that he can see thav 
might possibly become uncoupled. All that now re- 
mains for inspection is the driver's side of the tender, 
beginning at the trailing-end and concluding this 
minute but absolutelv essential examination at the 
leading left-hand tender-axle. 

To put a gauge-glass in quickly, after it is put into 
its place, a driver should keep by him, in the little box, 
a small round piece of wood, which should be put on 
the top of the glass and the nut then screwed down on 
the top of the wood one or two turns: this will be 
found to keep the glass in its right place during the 
operation of packing, and it will do away with the 
troublesome tendency of the glass to lift up, when the 
packing in the top is being screwed up steam-tight. 
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Examination of the special notice-board, and of the 

engine both over and off the pit, coupled with a well- 

felected and properly arranged set of tools for the use 

*&d convenience of the fireman and the driver, have 

everything in them calculated to ensure the engine 

against a mishap ; but there is one more point that claims 

special attention, and which must be perfection before 

* start is made, and that is the fire : it must be right ! 

Condition of the Fire in the Shed. — There is nothing 

00 Which a driver's good name, success, and future 

Prospects depend so much as on the condition of the 

* lre at the beginning of the day's work. The old 

^y+Xkg, that a good beginning makes a good ending, is 

very true of locomotive driving. If the fire is not well 

^^xicd through at the start, however good the abilities 

°* % "the driver may be, the consequence of its defects 

^*U be felt not only throughout the trip, but its in- 

^*^xice will extend to the consumption list, and affect 

^^ driver's position on the face of it, to be seen and 

r ^^d by all men. 

It is a habit with some firemen to arrive late on 

"**ty. They never think of coming on duty an hour 

5**^ so before their booked time, even for the sake of 

**^ving an excellent fire to begin the day's work with. 

^Vich individuals will of course in time be made drivers, 

^lit they never do anything sufficiently good to induce 

^heir foreman to push them on to the best running 

Engines or express trains. 

On the other hand, if a fireman allows himself 
abundance of time to get his engine ready, works with 
heart and soul, works as though the engine would stop, 
fail, and get short of steam if it was not for his exertions, 
depend upon it such an one is destined to make his 
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mark on the foot-plate, on the coal-list, on the minute* 
list, and on those placed in authority over him. 

iTi ■wwii fin ii mfttr arriring in Shed. — On arriving at 
the shed the engine requires to be thoroughly examined. 
The valves and the piston-rings should be tested. This 
ta very important ; although many a man has been 
made a driver without his foreman having taken the 
trouble to show him how to test them. Yet the driver 
has, in some instances, had a good blowing-up for 
booking complaints against pistons when the valves 
were amiss: this is a great hardship very common upon 
wme railways. 

To test the valves and the pistons without moving 
the engine, and to test them separately, both of the 
little-ends must stand 
opposite each other and 
as near to the motion- 
plate as it is possible to 
get them ; when one 
crank will be above the 
axle and one below it, 
whilst they will be 
both at the same dis- 
tance from the back of 
the fire-box, as in 
Fig. 8a. If, in Una 
position, the left crank 
be above the axle, 
the engine leads by the 
left-hand crank ; if the right crank be above the axle, 
the engine leads by the right-hand crank. Suppose 
the engine is a right-hand crank engine, in the above 
described position, if steam be turned on whilst the 
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'^ersing-lever is in full forward gear, it will test the 
^gat-hand piston from the back. 

If steam is put on with, the re vera in g-1 ever in full 
"*et gear, it will test the left-hand piston from the back. 
If steam is put on with the reversing-Iever in the 
^fitre out of gear, that will test the valves. If the 
f**gine is a left-hand crank engine, the left-hand piston 
,a tested first, with the lever full over in forward gear ; 
a *ld the right-hand piston is tested with the lever in 
*t*ll gear backward. For the valves, the lever is at the 
c enire, the same for either crank. It may be observed 
t *»at by this method the piston-ringa are tested at the 
b&ck only. To test them from the front the little-ends 
p equire to be placed opposite each other, above andbelow, 
*« near as possible to the cylinders ; the leading crank 
^ill he below the shaft, and its piston will be the first 
to be tested with the reversing-lever in full gear forward. 
Sometimes a blow is heard at one end of a cylinder 
*nd not at the other end. This is frequently caused by 
a crack or air-hole in the steam-port, leading into the 
e 3thaust, and allowing the steam to blow through it into 
'*» e chimney. 

If a piston fitted with two rings have one of them 
'*"oken or worn slack, a driver can, after a Httle practice, 
^cide, on the foot-plate, whether the broken ring is the 
font or the back ring. 
The smoke-box door should be opened, steam turned 
^H, and all the joints and pipes certified to be in proper 
orking order. The blower should be put on and 
ssted, the tallow-pipe examined, and the ashes and 
'tie tubes examined. As the engine gets out of order, 
*-lie ashes increase in size and quantity, even whilst the 
'oad remains about the same. 
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Before a fireman is placed with a driver on pas- 
senger work, he should have served some time on 
shunting engines, and been employed for a few years 
on the goods traffic ; and before being placed second 
man in charge of an expresB engine, he should have 
done at least 100,000 miles on slower trains, and have 
been passed by the superintendent for a driver, so as to 
be fully capable of taking charge of the engine in case 
of accident to the driver. It has been mooted even by 
some foremen that very young hands Bhould be taught 
by the oldest of the drivers ; but such a course would 
be highly dangerous, and when it is, fortunately, not 
attended with disastrous consequences, the least that 
can be said of it is, that it exhibits, on the part of the 
person who sends green hands on express engines, a 
want of practical experience on the foot-plate. An 
express driver has quite sufficient to do to attend to the 
signals and the working of the engines in his charge, 
and his fireman should be quite capable of working the 
fire and feeding the boiler with water, independent of 
any instructions from the driver. 

Before taking his place on an express engine, a clever 
fireman — and he should be the cleanest and sharpest 
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'- found — has generally furnished his mind with 
>us foot-plate information. He has never allowed 
,n y of his former mates to loot, touch, say, or do any- 
Dl flg without asking the question, " Why do you do 
^at, mate ? " so as, when possible, to discover the 
P^ciple which prompts each action. He has never 
^Gn the cylinder cover, the Bteam-chest cover, or the 
"orne off, but he hastened to satisfy his anxious in- 
lairing mind. When the fitter has been working at 
Oia mate's engine, taking big -ends down or what 
^ot, he has willingly stopped and assisted ; and by 
'bese means lie has learned how to uncouple an engine, 
1 the position of the valves at various points 
°t' the stroke, learned to test both them and the piston - 
p «Hgs, learned how to make a joint, and in fact exer- 
cised bis mind aad his talent, as well as worked his 
*ilovel. 

In the case of young men who have served their 
apprenticeship in the shops, less time in firing on goods 
trains will, in some instances, suffice before they join 
e *.press drivers. But before mechanics can be trusted 
*v ith an engine, or even before they can trust themselves 
*ith one, the following are the principal things they 
require to know thoroughly: — 

1. — How to make up a proper fire in a locomotive 
fcr e -box. 

2. — How to handle the shovel when the engine is 
r U.nning. 

3. — How to learn " roads " and signals. 
4. — How to calculate the effect of the weather on 
*!»« rails. 

5. — How to manage an engine and train on varying 
gradients. 
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6. — How to have fall control of an engine and train 
at full speed. 

7. — How to work the steam expansively and yet 
keep time. 

8. — How to " brake" a train up in the least possible 
time. 

On long trips it is essential that the best firemen 
should be employed, as they are supposed to arrive 
before the driver, and to make up the starting fire in 
his absence ; but before any fireman is allowed to do 
this, the driver should give him, when he is first 
appointed with him, certain instructions as to the 
quantity and the manner in which the coals should be 
put on and left to burn until starting time. 

Training Firemen. — Some drivers have no instructions 
to give, and therefore it is not a matter to be so very 
much wondered at if the fireman, when " trying his 
hand/' should choke a few fires, stop a few trains, and 
put his hands into the driver's pockets a few times, not 
to mention the waste of fuel, before there appears any 
sign of a fireman about him. 

With some drivers, however, the reverse of the above 
is their practice. A first-class man will show a strange 
mate what he requires, how to do it, and when to do it, 
and insist, under all circumstances, upon having every- 
thing done properly and in the most efficient manner. 
If we take notice of such drivers, we shall see that, with 
them, an awkward fireman very soon changes his habits 
and his appearance — he gets the knots dressed off him. 
Has he been taught to come on duty dirty and late, and 
to neglect the foot-plate front P He is sharply untaught, 
and very properly too. Does he throw the fire-irons 
anywhere after using them P He is told there is a place 



WATER-LEVEL IN BOILER, ETC. 95 

for everything on that engine. Is he dirty about his 
=ork ? He is shown how to handle the shovel, oil-feeder, 
and everything elso without blackening himself to such 
degree that a boy in the street mistakes him for a 
ihimney-aweep. Thanks to such drivers, who deserve 
much praise for keeping their firemen in proper 
training; for, just as they are trained, so they will 
tarn oat as enginemen. 

When the fireman arrives, there is, as a rule, but little 
"team, and about three inches of fire on the bare. On 
'he foot-plate be should test the water in the boiler by 
°pening the waste-water cock, and letting out the water 
a "d shutting the cock again; and by looking at the 
Pressure-gauge he should see what pressure of steam 
c Qere is in the boiler. The first performance is necessary 
inaure the safety of the boiler, and the latter to form 
**lne idea of the condition of the fire. If the steam iH 
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i should at once, before doing anything 



attend to the fire, either by 



ing what ia 



'"ready on the bars, or, should he think necessary, by 
J^^Jtting some more coal on, and by opening the damper, 
Got already opened. His next duty is to rake out the 
^h-pan, provided that he can get the engine over a 
it used for that special purpose outside the shed. This 
i not absolutely necessary, because it can be done as 
^•lie engine is moved out of the shed by the driver ; 
^>ut when the fireman finds that there is every appear- 
ance of the engine being late in getting up steam, in 
Consequence of the ash-pan being choked with ashes, 
Ijc should use every means to clear them out as early as 
possible. In well-regulated running-sheds the ashea 
are all raked out before the engine is put away on its 
return from duty. 
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Before raking out, if there are no water-cocks of 
pipes for wetting the ashes connected with the feed- 
pipes by the side of the ash-pan, the fireman should 
throw a few buckets of water into the ash-pan to lay 
the dust, which otherwise would fly all over the motion, 
framing, and wheels, and completely spoil the honest 
work of the cleaner ; and really such want of apprecia- 
tion by the fireman of the work of the cleaner, which 
is oftentimes done in the night while the fireman is 
snoring, is extremely disheartening to the cleaner. 

Where the working boiler-pressure is 140 lbs, per 
square inch, and the trip about to be run is something 
about 160 miles, with only a stop of three minutes, the 
fireman, before making up his starting fire, should see 
that there is not less than 100 lbs. pressure of steam in 
the boiler ; because, when it is less than this pressure, 
and a thick fire is put on, it often requires some time 
in burning through upwards ; consequently, train-time 
drawing near, the blower is required to be put on and 
the damper to be opened wide ; and in nine cases out of 
ten, although the engine is blowing off " mad " when 
backing into the train, the fire is simply, properly 
speaking, artificially burning on the top. This fact 
many a driver has found out by getting short of steam 
soon after starting. A blown-up fire is the worst of 
fires. 

To see an engine blowing off furiously at the com- 
mencement of its trip, and afterwards to hear of its being 
stuck for want of steam, is not by any means an uncom- 
mon occurrence. But to see an engine back into a train 
with not the slightest sign of any steam about the 
safety-valves, and afterwards to know that the engine 
kept exact time, speaks volumes for its driver, and is a 
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matter of sufficient importance for all firemen to aim at 
achieving. 

When the fireman has satisfied himself that there is 
plenty of water and steam in the boiler, with sufficient 
fire in the box to cover the bars a few inches, he should 
obtain some old fire-bricks and break them up to the 
size of a tea* cup, and then sprinkle them with the 
shovel over the grate-bars, particularly at the corners. 
By the adoption of this expedient the bars will be pre- 
vented from burning by exposure to the heat ; it will 
help to keep the fire open, to keep down the cold air 
at the four corners, and to prevent the fire from falling 
through. When the fire-bars are too short, a few 
shovelfuls of broken bricks placed along the front or 
back of the box will greatly assist in remedying the 
deficiency. When old bricks (arch-bricks) cannot be 
found, chalk may be used, which answers just as well ; 
and when neither are at hand, sand will preserve the 
bars from burning. 

Making-up the Fire. — The fire should be made up 
by the hands when Welsh coal is used, and with the 
damper open, which admits of a free circulation of air 
to spread among the coals whilst they are being put on. 
The best coals upon the tender should be used first ; 
that is lumps, and with " Welsh " they caunot be too 
large, provided that they are put on one and a half or 
two hours before train-time. The lumps should be 
placed side by side, all round the box against the walls. 
If the box is large it may probably require a second row 
within the first row; but in even/ instance there should be 
left sufficient apace in the centre for the coals to occupy when 
they are expanded by the heat. 

Of good Welsh, about half the quantity the box con- 
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tains when fully charged, with the train, is enough for 
a starting fire. A large lump dropped into each of the 
back corners at last will, when burned up, give to the 
fire a greater depth under the door than what it will 
have under the arch. This is how it should be, 
unless the box is very shallow indeed, and then the 
fire should be straight and thin. In boxes inclined 
towards the front, the fire is always deepest under 
the tube-plate. 

The best Welsh coal swells very much if it is allowed 
time to burn gently through, and under the influence 
of heat it assumes an appearance which reminds one of 
a cauliflower plant. The quality of Welsh coal may be 
known, even before it is exposed to the fire, by breaking 
it with the hammer. If it is good it will return the 
blow with a blinding cloud of fine dust. Upon some 
railways accordingly it is called "Blynd" coal on 
account of its dusty nature. If it will blind, it will 
make steam ; if not, its character is uncertain, and 
some of it only fit for malt-house purposes. 

Hard coals should be broken up into lumps about the 
size of a brick, and watered, and put on with the shovel 
all round the box exactly like Welsh, as already ex- 
plained. With an extra shovelful in each back corner, 
hard coal, like the soft (Welsh), can be put on one and a 
half or two hours before train-time, with good dampers ; 
indeed, some first-class drivers always do so, and they 
find that it pays them. Hard-coal fires have been 
drawn, after standing in "bank" engines for several 
hours, having the appearance and all the hardness of 
coke. In consequence of hard coal making much 
smoke, particularly when the dampers and doors do 
not fit very closely, it is best not to put much of it in 



01 1,1 NO THE 

the fire until starting time. Still, where it can be 
done, the first- mentioned practice should have the pre- 
ference, because the fire is then known to be good at 
the bottom, hard, and partly coked, well burned through 
upwards — resembling capital to start with. 

A good beginning makes a good ending, 

Oiling the Machinery. — The oiling generally is done 
partly by the driver and partly by the fireman ; the 
former does the outside, and the latter goes below. 
The engine should be fixed so as to get at both of the 
big-ends nicely ; this is attained by placing both big- 
ends below the crank-shaft ; in fact, the most suitable 
position is exactly the same as was recommended for 
making an examination of the engine. 

It is the fireman's duty to be as frugal with the oil 
as possible without incurring any risk of heating. No 
doubt can be left in the mind of any one who under- 
stands oiling and trimming, after looking underneath 
at the motion and the boiler of the engines of some 
drivers, that the waste of oil is enormous. The waste 
should not exist, for it can be safely avoided by care. 

The oiling of big-ends, eccentrics, straps, and outside- 
rods, need not be done with any regard for the distance 
about to be run, since, with plug- trimming, the oil only 
drops when the engine is in motion ; but the syphons 
should never be filled so full as to waste the oil over the 
aide, for what is wasted in this way would, in some in- 
stances, serve for the motion. Four drops of oil will take a 
big-end one mile. The oiling of the slide-bars, glands, 
motion, and axle-boxes, should be the last thing to 
be done, and as near train-time as circumstances will 
admit of. A little oil, however, before coming off the 
shed, is necessary to moisten the trimming, and to pre- 
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vent anything cutting, but on no consideration should 
they be filled up so long as half an hour or an hour 
before starting. There are many ways and means to 
economize oil, and a driver may, by circumspection, 
soon find out if his trimmings allow the oil to " fly ;" 
the boiler-bottom will show it, and the machinery and 
wheels will be coated all over. Trimmings require to 
be well looked after and adjusted, until they are the 
exact " ticket." When an engine is fresh out of the 
shops the trimmings are slack; and, as the motion wears, 
they require to be tightened by adding strand after 
strand. It is really astonishing to observe on what a 
small quantity of oil an engine may be made to run 
without heating. 

Some drivers make use of tallow in the big-ends and 
outside-rods, because they have not yet learned how to 
make a proper trimming. Of course such practice is 
confined to ballast -men. Sometimes even the better 
class of drivers use tallow in the tender axle-boxes with 
oil ; but it is frequently the cause of an axle running 
hot when the tallow chokes the worsted. The more a 
driver can do without tallow, the better his engine will 
run ; if he uses it, let him mix it with oil over the fire 
before putting it into the boxes. Even then it requires 
but a small amount of judgment to perceive that the 
trimming which is suitable for pure oil must be unsuit- 
able for a mixture. 

The oiling should be performed systematically, that 
is, if the driver does the whole of the oiling, it should 
be commenced at the trailing-axle of the engine on the 
driver's side, then the outside of the driving-axle, then 
the motion and the leading-axle, followed by the crank 
shaft and inside-bearings. Next, the fireman's side of 
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the engine and tender, concluding by crossing to the 
driver's side of the tender, not forgetting the screw- 
coupling. 

On long trips of, say, 160 miles, with only three 
minutes' stoppage for oiling on the way, the fireman 
should drop off on his own side and commence at the 
trailing tender-axle ; and after oiling his side of the 
engine, he should oil the crank-shaft, then the driver's 
side to the trailing tender-axle, and the motion after- 
wards, as this can be done after the engine is started, 
from off the framing. 




DUTIES OF AN ENGINE-DKIVER WITH A TRAIN. 

Number of Vehicles in the Train. — After the engii 
is attached to the train, the oiling of the slide- 
bars, &c, should be finished ; and, before starting, th< 
driver should ask hia guard what number of vehicles 
are in the train, so that he may know how to work 
his engine with economy, and also that he 
know the state of things when descending inc! 
and entering stations on the road. This is very 
portant. 

It is well known that some drivers have pulled 
of a station without their trains, and have not found 
their mistake until they overshot the nest station-plat- 
form a tender's length, and actually then whistled for 
the guard to put on his brake. Others have lost eight 
carriages out of twelve, and observed no difference in 
the working of the engine. 

But there are drivers who habitually work their 
engines according to the load ; and such drivers can tell, 
after knowing the number of coaches they have, when a 
guard's brake has been inadvertently left " on." An 
express engineman one day, as soon as his train stopped 
at Brighton, jumped off his engine, and said to the 
guard, " Guard, thy brake's been on, I'll swear." " No 
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it has not," said the guard. "Then thy mate's has," 
replied Ben ; and when the wheels of the rear van 
were examined, they were found to be black-hot, with 
a flat place worn on the tyre. 

Manayemtnt o/l/n' Engine with a Train. — Starting. — 
In starting, the regulator should be opened gently, espe- 
cially with a full boiler. This is absolutely necessary 
in some cases, where the tender will just carry the 
engine through the trip. Much of the inconvenience 
arising from priming, when getting away, may be pre- 
vented by blowing the water out of the steam-pipes and 
cylinders before joining the train — as the engine is 
moving tender first — so that the " blacks " and waste 
water may fall quite clear of the engine and boiler. 
If the engine has to wait some time for a train, the 
steam-pipes and cylinders may be kept warm and free 
from water of condensation by opening the regulator a 
very little, with the brake screwed on hard. 

Care is necessary, in moving "off," to keep the 
cylinders and valves clear of water. Half a pint of hot 
water will wash the grease off dirty plates and dishes, 
and it will just as effectually wash the faces of the 
cylinders and valves, and when this is fully effected at 
the start it is a great misfortune. In numerous in- 
stances, it simply arises through the sand-valves not 
being opened in good time. Slip or no slip, it is better 
to expend a quantity of sand than to incur the risk of 
slipping, when the rails are inclined to be slippery. 

As the engine comes to feel the load, so the regulator 
may be opened more, until tbe engineman and lookers- 
on can hear what it is likely to do with the train. A 
few clear sonorous puffs at the start do good ; they 
rouse the firo into action at onee — there is no hesita- 



104 WITH i TTLADf. 



tubes of loose 
wept out. It 



tion in the matter. They also dear the tubes o 
cinders or soot left in them after being swept o 
is crael, wicked, not to give the noble iron steed a little 
grace at the start, so as to give him an opportunity of 
shaking the cold and stiffness oat of his iron limbs ; 
and, moreover, it is a loss of time to commence raining 
in, by extra cutting off the steam, before he is half a 
dozen yards away. " Loose him, let him go." 

The exact time and distance when to notch an engine 
up depends upon the load, and the time allowed for 
running the train ; but, however much circumstances 
may alter cases, there is one thing that will remain 
unalterable, and that is, after the engine has got 
the train into a pretty good speed, the lever should 
always be pulled up a notch or tuv at a time, and 
not pulled almost out of gear at once. This point 
is very important, and worth following out in prac- 
tice. 

The steam should not be entirely shut "off" in 
order to pull the lever back when about to work the 
steam expansively ; and in fact, when it is possible, 
the lever should not bo touched ; for the practice of 
shutting the regulator first cannot be allowed in first- 
class enginemanship, and for this reason : it is unpro- 
ductive of any good effect, and is, on the contrary, 
Uablo to do a vast amount of damage, especially to 
engines having a worn motion. Some thousands of 
cases have occurred in which engines have broke down 
just after starting; and, in a certain district, where 
some drivers habitually shut " off" before pulling the 
lover up, they scarcely ever give up their train without 
its being possible to trace the cause to the practice now 
condemned. 



8TEAM-BL0WIVG. 105 

Nothing looks so bad to " engineers " as to see the 
driver suddenly close the regulator, pull the lever very 
nearly out of gear, and "smack" the steam on again. 
The force with which the steam may strike the piston- 
head under such circumstances is very great indeed ; 
and it is sufficient, with a loose piston or cross-head 
cotter, to do some damage, not to mention the sudden 
snatch among the couplings and draw-bars. 

To an attentive enginoman the starting away is full 
of interest ; for, although he may have made a careful 
and thorough inspection of his engine before joining 
his train, still he cannot feci satisfied that all is right 
until the full pressure of the steam is on the piston 
and the engine feels the load. 

Has he had the pistons examined ? — it is at the start 
he listens for improved effects. Have the valves been 
changed, or faced-up, or re-set ? — it is at the start that 
he satisfies himself if they are tight, true, or not true, 
as the case may he. 

By a little attention and watching of the outside- 
crank or crank-pin, it is possible for the driver, while 
he stands upon the foot-plate, and the engine is moving, 
to discover the slightest defect in the piston or the 
valve, and, without leaving the foot-plate, to trace it 
home to either piston. Thus : — 

Steam-blowing. — Suppose a " blow " is heard at each 
turn, and only when the outside-crank is nearly in a 
straight line with the piston-rod, looking from the left- 
hand side of the foot-pkte, and with the outside cranks 
on the same centre line, and on the Bame side of the 
axle as the inside crank ; it would be discovered that a 
piston is "blowing," owing to the sound being inter- 
mittent, for the blowing through of a valve would be li 
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continuous leaking. Further, it would be known thai 
the defect was not in the left-hand cylinder, there 
being no steam in it, when the cranks are in the 
position above described, and therefore we should have 
to look to the right-hand cylinder, where the full 
pressure of the steam must be on the piston. 

Beats of the Engine. — There are four beats for one 
revolution of the driving-wheel, or the crank-axle. 

. In a coupled engine, fitted with the right-hand crank 
leading, as in Fig. 9, in which the right-hand big-end 







\ \Leftha>n.d 
Tf Crunk 



i I 



Fig. 9.— Right-hand Engine. 

is straight up against the bottom of the boiler, when 
the left-hand big-end is straight out against the fire- 
box, observe the motion of the outside crank, as above, 
from the left-hand side. We shall hear the beats in 
the following order : — 

R. H. cylinder, back beat, about a, Fig. 10. 

J_J« il« a. |. .. .. B. 
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By giving attention to the outside-crank, an engine- 
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man can easily detect the growing weakness in either 
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of the beats, and at once give an opinion on the matter. 
If the rings in the right-hand cylinder be slack, and 
if he know what part of the circle the outside-crank is 
traversing when the steam is full on that piston, by a 
very little practice he will be enabled to detect the 
slightest wear, and to watch daily the gradual dete- 
rioration of the rings in that piston. By the same 
rule, any ring that blows may be watched, and notes 
taken from the ashes in the smoke-box of the necessity 
of having it renewed or tightened. 

Pressure on the Slide-bars. — Most drivers have ob- 
served that, when the engine is running chimney first, 
the bottom slide-bars require scarcely any attention 
with regard to lubrication ; and that, at the same time, 
nearly all the rub is against the top bars, necessitating 
every care to keep them from cutting 

On the other hand, they will have noticed that, 
when the motion of the engine is reversed, and it is 
run tender first, the rub of the slide-block is against 
the bottom bars, and is least against the top bars. 

The pressure of the slide-block is constantly upwards 
in forward motion, and constantly downwards in back- 
ward motion. It is not, as might be supposed, alter- 
nately up and down, according as the crank and the 
connecting-rod change from the top to the bottom 
centre. 

This is to be explained. When the crank is stand- 
ing on the top-centre, near the bottom of the boiler, 
the piston-rod must pull to move it towards the 
cylinder in forward motion ; and, as the pull is oblique, 
the little-end and slide-block are forced upwards, when 
the top slide-bar acts as a fulcrum to the piston to pull 
the crank over. When the crank, connecting-rod, and 
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piston-rod are all in a line, the pressure of the slide- 
block is then slightly on the bottom bar, and is that 
due simply to the weight of half the connecting-rod, &c. 
When the crank has passed the dead-centre and gone 
below, the piston-rod must push, and, as the resistance 
is below the piston-rod, the slide-block is forced upwards 
against the top bar, which again acts as a fulcrum to 
the piston to push the crank under. 

So that, in forward motion, whether the crank is 
above or below the centre of the crank-axle, the cross- 
bead, both in pulling and in pushing, rubs against the 
top bar. 

Going Tender first. — When the crank is standing on 
the top-centre, against the bottom of the boiler, the 
piston-rod must push to move it toward the fire-bos 
for back-way motion, and as the push is oblique, the 
head is forced downward, the point of resistance 
being above the horizontal line of the piston-rod. 
When the crank is gone below the back dead-centre, 
the piston-rod must pull ; and then again, as the pull 
in an oblique direction, and the focus of resistance 
below the centre line of the cylinder, the cross-head 
pulled down upon the bottom bars by pulling the crank 
up, which opposes with a force equal to the resistance 
of engine and train. 

Kwping-up Steam. — By the time that the engine has 
got the train up to speed, steam should have commenced 
to be just issuing from the safety-valves. When it 
does not do so, the advantage of starting with a boiler 
full of steam is lost ; and the fireman has somewhat 
tolearn in making up a starting fire that shall be ready 
for action as the engine is getting over the first mile. 
Short-train drivers, of course, would scarcely feel the 
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force of such circumstances, for they can f 
from station to station without using the feed i 
steam is shut off; but matters are very different on 
long runs. If the engines are not instantly up to tha 
mark at the start, and if the feeds must be held " off " 
to allow the fire and the engine a chance of recovery, 
the consequences are that the water in the boiler gets 
lower and less, and the uncertainty of ever getting the 
water up again becomes greater every minute, especially 
with a heavy train and against a strong side wind. 

Management of the Fire. — A skilful fireman seldom 
misses this important element of good management. 
The engine no sooner discharges a few vigorous puffs 
than, with a well-managed fire, there are signs of 
everything being right, the steam in seen blowing off 
at the safety-valves, though very slightly. 

Sometimes Welsh coal, probably from being too much 
wetted, hangs together in the fire-box, and prevents 
the engine from steaming nicely, causing the fire to 
burn hollow, and to draw air. An engine-fire will some- 
times run for miles without any variation of pressure 
in the boiler of \ lb. per square inch either way, unless 
the feed happens to he put on. The first thing re- 
quired to be done with such a stupid fire is to get 
a shovelful of small coals and scatter them pell-mell 
over the top of the fire, but chiefly along the sides and 
front of the bos ; the effect will be that some of the 
small coals put on in this way will fall into the very 
hole or holes through which the engine is drawing air. 
Tobacco -smokers sometimes do this kind of thing to get 
their pipes to burn ; they slightly move the tobacco wi(h 
their finger on the top, and that knocks a morsel 
of weed into the air-hole, and the pipe afterward* 
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burns charmingly. When this plan is of no effect — 
and this can be soon ascertained by watching if the 
needle of the pressure-gauge begins to rise — the dart 
should be thrust into the centre of the fire, and the fire 
gently raised so as to open it if close, or to close it 
together when it has burned hollow. Provided that a 
driver can see his way with such a fire, it is, in point 
of economy, best to leave it undisturbed, for sooner or 
later the action of the blast and the vibration of the 
road will bring it round ; but, of course, on fast and 
important trains, action is required to be taken at once, 
and either of the two mentioned remedies will seldom 
fail to move the needle. 

When the fire is right at the start, a few good puffs, 
with the damper slightly open, will set the incan- 
descent coals into a fierce flame, and the steam will be 
seen just at the point of blowing off. This is the 
signal to commence firing. On short trips, such as 
those of fifty miles or less, one fire made up before 
starting is sufficient, in some instances, to carry an 
engine through ; but for a run of 160 miles, with one 
intermediate stop only, the first fire is not sufficient, 
and the question is, What is the best thing to be done ? 

The driver of such a train is very particular about 
keeping time, as such running is generally performed by 
u crack " men, on " crack " trains, in " crack " time, 
and the only possible way to do that is to start with 
the pressure-needle indicating a full boiler of " gas," 
and to keep it at the same point until the Home signal 
is sighted. To do this, a fireman must not only give 
his heart and soul to his work, but he must not depend 
upon any particular mode of firing for success ; for 
whatever is to be wrought with absolute certainty — ■ 
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to be repeated again and again, week after week, and 
from one year's end to another — must be done upon 
some principle ; and, if it is not, his reputation as a 
fireman will be crumbled into dust by the first dif- 
ficulty he meets with. If, however, a fireman works 
upon a principle, he can keep the boiler full of steam 
as well to-morrow as he can to-day ; as well with No. 1 
as with No. 2 engine ; as well with driver A as with 
driver B. It makes no difference to him whether the 
season be summer or winter, whether it be light or 
dark, or whether twelve or twenty carriages are behind 
him. He works both his mind and his shovel ; and he 
is sufficiently inquisitive to ask : " Why do I fire this 
way P Is it the best way P Will my way stand the 
test of a four hours' run P Can I build upon it as upon 
a rock P Is it safe, sound, lasting ? " 

These are questions of great importance, and 
their solution can alone give rest and satisfaction to an 
aspirant after the very best possible practice in locomo- 
tive firing. 

In the coke-firing days the fire did not require such 
an amount of attention and skill as is now necessary 
with a coal fire. Smoke is a "nuisance," and it will 
not be consumed by a slip-slop way of firing ; besides, 
a coal-fire, to be efficient, is worked on account of its 
adhesive nature. 

Haycock-fire. — The coal fire of haycock shape, emi- 
nently associated with failures through want of steam, 
is made by shovelling the coals into the middle of the 
fire-box — a practice about as far behind the times, 
comparatively speaking, as the use of the flint and the 
tinder-box would be in the year 1877. 

The characteristics of such a fire are — uncertainty 
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as regards making steam, and certainty as regards 
destruction to fire-boxes and tubes. It generally draws 
air at the walls of the box, and, in consequence, 
the fire-irons are always in the fire, knocking it about 
and wasting the fuel. As such fires are formed on tbe 
centre of the grate, they weigh down the fire-bars in 
the middle, and may even cause them to drop off their 
bearers or supports. But there are greater evil conse- 
quences even than these : the cold air being admitted 
into the fire-box up the sides, instead of in the middle, 
comes into direct contact with the heated plates and 
stays, doing them a deal of damage by causing inter- 
mittent expansion and contraction. 

It would be an easy task to pick out certain engines, 
known to be fired on the haycock system, and to show 
that, although the boiler work is superb, they are 
always subject to sudden leakage cither in the joints of 
the plates or in the stays, the tubes, or the foundation- 
ring — in a word, that they are continually in for 
repairs of the boiler. 

In no small degree, the valuo and the life of a locomo- 
tive boiler depend upon the system on which it is fired. 

Concarc-fire. — That the fire in a locomotive fire-box 
should maintain steam under all circumstances of load 
and weather, should consume its own smoke, should 
burn up every particle of good matter in the coal, and 
in fine should bo worked to the highest point of 
economy, it requires to be made in the beginning, and 
maintained, to a form almost resembling the inside of 
atea-saucer — shallow and concave — where the thinnest 
part of the fire is in the centre. 

A fire of this form makes steam when other fires do 
not, being built upon a principle that never yet 
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misled either the driver or the fire 
obtained a man a good name many a time. 

How to fire ? This ia a very important question. 

Mow to Fire properly. — To fire properly, the fireman 
is required to stand in such a position as to command 
the coals in the tender, and to work the shovel without 
shifting his feet, except when he turns slightly on his 
heels, first toward the coals, and then towards the fire- 
hole. If a fireman, when he is in the act of firing, lifts 
either of his feet off the foot-plate, be will roll about, 
and the firing will be imperfectly done, in consequence 
of the coals being knocked off the shovel by the latter 
catching against the lire-hole ring or the deflection- 

To fire properly, the shovel should enter the fire- 
box as little as possible. It should be stopped dead 
at the fire-hole ring ; and the impetus given to the coals 
should be sufficient to discharge them, like shot, right 
into their intended destination, close to the copper. 

It is, however, a common practice to pick up with 
the shovel as much coal as it is possible to heap upon it, 
pushing the shovel into the coal with the knees. There 
is no necessity for doing so. The foot-plate of a loco- 
motive is not a mixen. A few lumps of coal, such as 
will lie nicely oj the body of the shovel, are all that is 
required ; and the shovel should be worked by the 
muscles of the arm. 

The first shovelful of coal should find a billet in tho 
left-hand front corner; the second shovelful in the 
right-hand front corner ; the third shovelful in the 
right-hand back corner; the fourth shovelful in the 
left-hand back corner ; the fifth shovelful under the 
brick arch close to the tube-plate ; the sixth, and 1 
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shovelful under the door. To land this one properly 
the shovel must enter into the fire-box, and should he 
turned over sharp to prevent the coals falling into the 
centre of the grate or the fire. 

It will at once be seen that this fire is made close 
against the walls of the fire-box, and in actual contact 
with the heating surface, also that the principal mass of 
the coals lies over the bearers which carry the fire-bars. 
The centre of this kind of fire is self-feeding, for by the 
action of the blast and the shaking of the engine the 
lumps in the corners are caused to roll or fall towards the 
centre. On this system the centre is the thinnest part 
of the fire — quite open and free from dirt. The dirt 
falls down by the sides of the copper- plates, and 
assists in preventing the cold air from touching the 
plates. With a fire of this description the air or 
oxygen can only get into the fire-box and into the 
neighbourhood of the tubes through the centre — 
through fire — and, mingling with the flame, it be- 
comes instantly heated to a very high temperature 
before entering the tubes, which are thereby assisted 
in. maintaining an even pressure in the boiler. 

Coals of the same description have been delivered to 
two different drivers, having engines of the same class, 
working on the same day, running tho trains over the 
same ground, with equal average loads ; and the result 
has been that while one driver could do anything with 
the coals, the other man was "afraid" of them. The 
former put his coals against the " walls" of the fire-box, 
and the latter put them in the centre of the grate, 

When to Fire. — Next to the question, How to fire ? 
follows one of equal importance : When to fire P To 
fire properly, with the greatest effect in saving fuel, it 
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should be done as soon as the steam begins to lift the 
valves ; when, by opening the fire-door and putting a 
small quantity of fresh coals on, the steam is slightly 
and sufficiently checked to prevent its being wasted by 
blowing off. There is an idea abroad that, unless the 
steam blows off " mad," there can be no very great 
demonstration of skilled enginemanship. There cannot 
be a much greater mistake. When steam, water, and 
fuel are being thrown away through the safety-valves, 
it is a positive proof of the existence of either one or both 
of the following evils : either the engine is too small 
for its work, or the engine is too great for its man, and 
the engine or the man would do better on short-train 
work; the former until it was convenient to place it 
under the steam-hammer, and the latter until he had 
learned how to bottle his noise, or anyhow until, for the 
sake of the engine, he could enable her to obtain a fair 
position on the coal-premium list. 

Intervals of Firing. — The interval between the rounds 
of firing, which should consist of six shovelfuls only, 
each time the door is opened, is in every case regulated 
by the weight of the train or load, the state of the 
weather, and the time allowed for running the trip, 
together with the quality of the coals. 

Hard coals burn away much more quickly than soft 
or Welsh ; but, whatever there may be to vary the cir- 
cumstances under which each trip is performed, one 
thing remains constant and certain, and that is, if the 
fire is to retain its proper shape throughout the trip, 
the coals must be put into the very places already men- 
tioned, and never into the middle ; this will look after 
itself. 

The aim in first-rate locomotive firing is to maintain 
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the fire in a state of efficiency; and to do this the 
services of a willing and persevering fireman are 
required, for the shovel may never be out of his hands 
after he has commenced to fire, on " crack " runs, until 
he finds that he has sufficient fire in the box with which 
to finish the trip. 

Bad Firing. — Without doubt, the greatest mistake 
made upon the foot-plate by some firemen is to put 
too much coal on at each firing. The result is, the fire 
is partially choked ; that is, the oxygen is shut out at 
the grate-bars. Clinkers then commence to be formed, 
by the dross in the coals reaching the bars without 
coming in contact with sufficient oxygen to consume 
it ; the temperature of the boiler is reduced ; stays, 
tubes, &c, start leaking by unequal contraction of the 
plates, some being thicker than others ; the smoke-box 
door gets hot ; the engine loses time ; and the driver 
loses caste. 

A driver, who had been a source of trouble, both to 
himself and to his engine, arrived one day at H station 
with his blower turned full on, and the boiler contain- 
ing 130 lbs. steam. The fireman, as soon as the train 
stopped, took up, in all, seven large lumps of coal, and, 
placing each lump successively on the fire-hole ring, 
allowed them to drop or roll anywhere in the box. 
Upon these he afterwards discharged fourteen shovel- 
fuls of coals. 

The train was signalled to start, and as the engine 
got on her way the pressure of steam gradually fell, 
and as it did so the fireman set to with the dart and 
knocked the fire all to pieces. When there was only 
60 lbs. steam, the driver put his ear to the door, and in 
a moment exclaimed, " There, mate ! she is going to 
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serve us a trick again ; don't you hear them tube* 
leaking like billyho P" There were also serious com- 
plaints against some patches that had given out before, 
but which were not very great trangressora. The 
dumpers were wide open, and the blower going for the 
remainder of the trip. 

The cause of the leakage was explained to the driver, 
and the advantage to be gained by firing frequently, a 
little at a time, instead of fourteen or twenty shovelfuls 
at one time. From that time the driver, not above 
being taught, has never been seriously short of steam ; 
and, instead of bis driving being a burden to him, he 
rollsfrom station to station with pleasure. 

The Secret of Good Firing. — The secret of first-rate 
firing is to fire frequently, a little at a time. It requires 
perseverance, but it is tlie only way to accomplish four 
hours of hard running with anything like success. 
Numerous plans have been resorted to for the perfect 
combustion of smoke, and for making steam well in a 
locomotive engine ; but the best plan is the employ- 
ment of intelligent firemen, who understand and work 
to principles affecting combustion, and the expansion 
and contraction of metals. 

Firing with the Steam om.— Locomotive firing should 
be performed whilst the steam is " on." It is an 
unsightly thing to see an engine, especially a pas- 
senger engine, entering a station with the blower hiss- 
ing loudly, the driver at the brake, and the fireman 
"puddling "at the fire, or putting on coals — trying, 
in fact, to make smoke. When the firing is done with 
steam on, the foot-plate is kept clean, and the bright 
work on the front is not tarnished by smoke ; and, 
or, the sulphur from the coal is not troublesome. 
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bs it is carried off to the chimney by the action of the 
blast. When the firing ia done with, steam on, the 
force of the blast at the grate-bars remains efficient, 
and the coals put on are prevented from choking up 
the bars through which the iron steed draws his breath, 
and whose motto is — 

" Upon the four elements I feed. 
Which life and power supply, 
To run my nice of boundlaaa apeed ; 



Take any two cngiucmen known to work in opposite 
ways. One fires with the regulator open, and the 
other fires with the steam off, and generally about a 
station. The result will be greatly in favour of the 
one who always contrives to have his firing done with 
the steam on ; he makes no smoke about a station, and 
he makes no clinker worth notice. Bat the other one 
is all smoke and clinker. 

In firing with the steam on, the driver can give his 
attention for a moment to the fireman's actions. Cast- 
ing bis eye downwards each time the shovel approaches 
the fire-door, he can see whether the stoker puts the 
coals against the walls of the box. Such a degree of 
supervision on the part of the driver does not in the 
slightest degree interfere with his other duties. 

When the firing iB done with steam on, each man 
upon the engine, when the train enters the station, is 
free to attend to his respective duties, the one at 
the brake and the other at the regulator ; and these 
undoubtedly are the proper things to see to. There can 
be no great objection, when circumstances warrant it, to 
the firing being done occasionally as the engine leaves 
a station ; but preference should be given to some spot 
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at some distance from a stopping station ; say, two or 
three miles before the point where the regulator is to 
be closed. As soon as fresh fuel is shovelled into the 
box, its gases almost immediately combine with the 
oxygen, and form flame or gas heavily laden with 
carbon, owing to imperfect combustion, which rolls off 
the top of the chimney in black clouds. If sufficient 
time is allowed for the oxygen to deprive the black 
flame of its carbon before the regulator is closed, there 
is very little attention required afterwards to prevent 
smoking in a station. When firing on long rims, the 
most favourable spots on the line for working the 
shovel should be selected and habitually used for that 
purpose ; but on no consideration should any stoking 
business be in hand when the engine approaches junc- 
tions, signals, or stations. It should be done after 
passing them. The grand aim of first-rate stoking is 
to keep the steam at one pressure ; that is to say, the 
needle of the pressure-gauge should, as nearly as pos- 
sible, point to a full boiler pressure, up hill and down 
dale. To accomplish this — and it is done on the 
crack engines every day — firing must be studied. 
Engines are not alike. Some are robust, others very 
delicate, but the generality of engines require the exer- 
cise of trained skill to jockey them. Some engines 
steam best with a low fire, and others may carry fuel 
up to the fire-hole. Nearly all engines are affected by 
cross winds. The firing should be done when the 
steam is just on the point of blowing off — a condition 
which generally happens while the engine is on a rising 
gradient, for the fierce blast causes a maximum supply 
of oxygen to pass through the fire and the tubes, which 
generates great heat and much steam. Even on a 
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partially level line a " crack " fireman chooses certain 
places for firing, so that the opening of the fire-door 
will not be necessary for checking the production of 
steam when the reversing-lever is pulled up, whilst, 
at the same time, the pressure-gauge is not an ounce 
behind the maximum working pressure. 

Economy by Good Firing. — It is really astonishing 
what can be accomplished by some enginemen and fire- 
men in economizing fuel. A case occurred a short time 
ago that will just illustrate the point. Driver A had 
for a long period been a heavy consumer of coal, 
compared with other drivers working the same trains. 
His engine was equal to theirs in condition, and there 
was no distinction between them in any one point, or 
in the coals, the loads, or in keeping time. But he 
always consumed two or three pounds per mile more 
than other men in his " link." Driver B, on the other 
hand, stood at the top of the premium list month after 
month. It was decided by the locomotive superin- 
tendent to change the firemen of the two drivers who 
were so wide apart in consumption. This was done for 
three months. After working a month the change 
was striking. Both men had felt the electric shock, 
and figured on the coal-premium list both together in 
the centre of eighteen other drivers ; but driver B was 
still first by fourpence. The next month both men 
" went in for it," and it was in every sense of the word 
a struggle. Their coal was weighed, and everything 
they required to be done to their engines was done at 
once. Well! the long looked -for coal- premium list 
came out for the second month, and, as was fully anti- 
cipated by those who knew anything of the firemen, 
the formerly heavy consumer beat the man who had so 
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long been top coal-man by 8s. 6d. The secret of this 
change rested with driver B's fireman, who studied 
economy with a vengeance from every point of view. 
He did what many others did not care about doing, 
namely, he fired little at a time and often, he studied 
the road, and kept the shovel and the fire-irons out of 
the fire-box. 

It is expedient for all firemen who wish to attain 
perfection to do as driver B's fireman did, who took 
advantage of every possible contingency to work the 
engine fully up to the mark with a shovelful of coal 
less to-day than yesterday. 

When the wind blows hard sideways, advantage is 
required to be taken, for firing, of the " cuttings " and 
places where the line is protected by trees ; for the 
opening of the fire-door in such winds is a matter of 
consideration. Engines, as a rule, make steam very 
indifferently in such winds, a result which is attributable 
to the wind, when blowing hard at right angles to the 
line of motion, causing a partial vacuum in the ash-pan. 

To examine the Fire. — To examine the interior of the 
fire-box — to see if the fire is straight — the shovel is 
required to be placed on the fire-hole ring; and by 
holding the shovel on its side, with the handle in a 
straight line with the corner or place deemed necessary 
to be inspected, a clear view of it will be obtained 
through the air which enters by the shovel and passes 
forward as a flameless current. Should the fire burn 
down more in one corner than another, it should be 
filled up by placing an extra shovelful of coals in it. 

The two back corners should, under all circumstances, 
be kept well up to the door with coals, and in nine 
cases out of ten, if these are properly looked after, any 
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engine will make steam freely. It is possible to put 
too much, coal under the brick arch and choke the fire, 
but this can scarcely be said of the back of the bos. 

The best advice that can be given for avoiding a 
choked fire lias already been given; fire a little at a 
time, and often. 

Working the Damper. — Some engines are fitted with 
a back damper as well as a front damper — an arrange- 
ment intended for such engines as run to and fro with- 
out being turned. But some enginemeu, when running 
engines so fitted, with the smoke-box first, close the 
front damper and only open the back damper. This is 
done when the engine steams well, but it has the effect 
of burning the coals away at the front ; and, as the 
secret of coal-saving consists in mixing as much air as 
possible with the coals in actual contact with the grate, 
it is better to work the front damper when the engine 
runs funnel first, and the back damper when going 
tender first. The damper should be made to work with 
a wheel and screw, ho that the driver may adjust the 
position of it according to the load. 

Management of the Feed. — The maintenance of steam 
frequently depends to a considerable extent upon the 
manner in which the boiler is fed with water. The 
aim should be, as far as possible, to regulate the supply 
to the demand — just sufficient to keep the water at one 
level in the glass. Thus an even temperature may be 
maintained in the plates of the boiler, the tubes, and the 
fire-box ; and such regularity of temperature haB much 
to do with the service of an engine. A locomotive, like 
a man, should have a chance to do well ; but some drivers 
habitually work the feed exactly in the way to spoil an 
engine. So soon as the boiler is full of steam — blowing 
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off — they turn on the pump full, and keep it on until 
the steam is 30 lbs., 40 lbs., and even 50 lbs. below the 
maximum pressure, before turning it off. XJnder such 
treatment the temperature and the pressure are allowed 
to rise to the utmost degree, only to be knocked down 
again by a barbarous, wicked, and wretched system. 
There are times, of course, when the feed must be with- 
held for a brief interval ; but, for economical working, 
coal-saving, premium-getting on the road, and first-rate 
enginemanship, there is nothing to beat a constant 
moderate supply of water to the boiler. 

It has often been remarked that an engine consumes 
more water when the water-level is an inch off the 
bottom of the gauge-glass, than it does when it is an 
inch off the top of the glass. The remark is not alto- 
gether based on fancy, for when an engine is working 
hard the water may be allowed to sink in the glass to 
the lower level in consequence of a scarcity of steam, 
that is to say, a reduction of pressure. Therefore, as a 
result, the water, relieved from the pressure of the 
steam, has a tendency to prime ; and although the 
priming may not show itself at the top of the chimney, 
yet large quantities of water do, under such circum- 
stances, escape with the steam through the cylinders in 
the form of fine spray, which, with a full boiler and a 
good pressure of steam, would not have been primed 
over at all. 

Some drivers, of course, can recollect that when they 
have had to run with a tender which, with a heavy 
train, would only hold just sufficient water to carry 
them, with the greatest economy, from one water-station 
to another, the only possible way to do it, without 
being driven to straits for water, was to maintain the 
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boiler full of water, and keep the steam just on the 
point of blowing off. 

Further, probably, some drivers can recollect when 
they could not maintain the full pressure, and were 
compelled to check the water-supply in order to keep 
up the speed ; that they had barely sufficient water to 
keep the boiler safe, having to close the damper, and 
even to damp the fire, before they arrived at the 
water-crane. 

Injector*. — When injectors are used, with such nice 
running, one of them should be screwed down so that 
it may act moderately, like a pump ; this will save the 
water which is usually lost in turning an injector on 
and off. What is best to be done on a run of 160 
miles, with one stop only, is also, from an economical 
point of view, the best for all kinds of running. 

Priming. — Priming is an indication of at least one of 
three things : it is the result of dirty water, low steam, 
or careless slovenly driving ; and all three causes may 
exist at the same time. 

Composition of Feed-water. — Water is composed of 
two elementary bodies, oxygen and hydrogen, in the 
following proportions approximately : — 
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Water, when pure, is transparent, colourless, tasteless, 
and inodorous. But it is capable of dissolving saline 
and other earthy matter in passing through rocks, soils, 
&c. In this way, the water supplied at one station may 
be acidulous, chalybeate at another, sulphurous at a 
third, and saline at a fourth — partaking, in fact, in 
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no small degree, of the nature of the soil which it tra- 
verses. At Brighton, for instance, it is chalky, like the 
soil. 

After a large quantity of water has been evaporated 
from a boiler, be it ever so pure, a certain quantity of 
deposit is accumulated upon the surface of the tubes, 
the bottom of the barrel, and the fire-box. A boiler in 
such a state is rendered rather ticklish to work, even if 
there be no effort to economize water and coal. Under 
such circumstances, the only advice that can be given 
is to exercise increased care in keeping the boiler and 
the steam at an even temperature, and the water-level 
as high as it is possible to carry it. Instructions for 
washing out a boiler will be given when we get a 
shed-day. 

But when the boiler is clean, and also the water in 
it, and when, nevertheless, the outside of the boiler is 
covered with marks of priming, there is evidence gene- 
rally of carelessness or want of attention to the indica- 
tions of the gauge- glass. It should be borne in mind, 
before a driver is judged respecting the management of 
his engine, that marks of priming may result from a 
leak in the steam-pipe, or they may be the result of the 
condensation of the exhaust steam in striking the chim- 
ney at the top, round which the condensed steam hangs 
in drops, to be blown off by the wind upon the boiler. 

Gauging the Boiler for Water. — It is an excellent 
plan for every driver, who has an engine to himself, to 
take the first opportunity, when the manhole-joint is 
broken, of examining exactly how the boiler is gauged 
for water — whether high or dangerously low. This 
examination may be made, after the boiler has been 
partially emptied, by filling it up gently until the 
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water is visible in the glass, and then, with a gauge of 
some kind, measuring the depth of water over the 
crown, or highest part, of the fire-box. Information 
obtained in this manner will set aside all uncertainty, 
and will prevent a driver from speculating : he then 
knows exactly the level of the fire-line. 

On the Foot-plate. — While the engine is under steam 
with a train, the driver should stand in his proper 
place upon the foot-plate, so as to be able to command 
the regulator and the reversing- lever in an instant. 
The observance of this regulation is especially requisite 
at night, when it is imperatively necessary that the 
driver's attention should be continuously directed to the 
engine, listening constantly to the sound of the beat, 
to detect any irregularity that may arise from some 
defect in the machinery or from priming, frequently 
casting his eye on the pressure-gauge and on the level 
of the water in the gauge-glass. As the fireman puts 
on the coals, the driver should occasionally see that he 
is placing them next the walls of the fire-box, and not 
in a heap in the middle. When the rails are slippery, 
great care is required to prevent the engine from 
slipping, by closing the regulator in time. By unceas- 
ing attention to the action of the engine a man will 
soon be enabled to cheek her in the act of slipping, and 
to prevent her from flying round at the rate of 800 or 
1,000 revolutions per minute. Just before entering a 
tunnel, there is no doubt that the sand-valves should 
be opened, and the sand should be allowed to flow until 
the train emerges from the tunnel ; for, as was said 
before, sand is cheaper than steam. 

Knowledge of the Signals. — But evidently a great 
part of every driver's time on the foot-plate must be 
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employed in looking out for signals, and until lie is 
thoroughly familiar with them he may approach them 
involuntarily. The great master drivers, who travel 
the road at express speed, manage to secure a few 
seconds in reserve before reaching a busy junction 
station, so as to reduce speed. This, of course, is re- 
quired only at exceptional places, where the view of 
the signals is defective, and where a great traffic is 
going on, or where the road is not exactly straight. 
It must never be taken for granted that, because the 
" distant " signal and all the other signals are " off/' 
the line is clear. This is a very important point. 

Every driver should, as far as possible, not only see 
that each signal is " off," but he should also cast his 
eyes over the road in front of him to see whether it 
should be "off." At night the circumstances are 
different, and a man can only protect his engine buffer- 
plank by proceeding with caution, that is, by keeping 
a good look-out. Most drivers have found that such 
special carefulness has been the means of preventing 
many collisions. Though a second or so be lost over 
it, the engineman has derived the solid satisfaction of 
knowing, what is testified by thousands, that vigilance 
at all points of the line seldom remains long in activity 
without making some discovery which naturally sup- 
plies an interpretation of the real character of the dis- 
coverer, showing up the actor and his acting, the 
thinker and his thoughts, the judge and the judgment, 
and speaking eloquently for faith and hearty good ser- 
vice, which, like bread cast upon the waters, is, in some 
instances, apparently lost. Yet, with humility and 
patience, duty is, sooner or later, sure to reap its true 
reward. 
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Knowledge of the Road. — Next in importance to a. 
knowledge of signals, and how to act upon them, we 
must place the knowledge of the road. It should ever 
be remembered that, in order to ran swift trains with 
safety, the driver should not only be acquaiuted with 
the line itself, but should also possess a thorough know- 
ledge of the gradients. It will not suffice to know that 
the line runs down-hill from the Four-Ashes to the 
Spread-Eagle station, but the steepness of gradient 
must be known, as well as the length of it. Young 
drivers should lose no time in obtaining possession of 
such information. When a driver has combined his 
knowledge of the signals and their positions with his 
knowledge of the road and its varying gradients, he 
may run with confidence. Should he be running down 
an incline of 1 in 100, and should he have to look out 
for a signal nearly at the bottom, he knows exactly 
where to shut off steam ; and therefore, until he reaches 
that spot, he can maintain the speed by keeping on the 
steam without the least fear of overlooking the signal 
should it stand at " danger." 

Some signals are very badly situated, and cannot be 
sighted nicely until the engine is close to them. In 
other instances they can best be seen afar off, across the 
country ; and as the train approaches them they become 
hid from view by intervening objects. By keeping a 
good look-out, one man will sight a signal from a point 
whence another man never thought of looking for it ; 
and in this way, while one is running cautiously for 
fear that the signal maybe turned on at "danger," 
another having sighted it several miles off is prepared 
to shut off steam or to run past the signal with full 
[team on, just as the case may be. 
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Moreover, while the sun shines, the signals, junctions, 
landmarks, and gradient -posts are clearly visible, and 
the track is easily followed ; but when the sun has set, 
and all is covered with darkness— mountains, streams, 
bridges, and stations alike — a driver finds he is left 
without anything to guide him except his personal 
acquaintance with the road. 

There is nothing in our calling that excites the 
astonishment of the public more than seeing some fast 
express train rush past them* in the midst of darkness 
at fifty miles per hour. The noble iron steed, as it 
approaches them, has the appearance of some monster 
broken loose from Vulcan's forge. Here a spark and 
there a spark, a flash here and a flash there, the fire 
flying about the heels of the monster as though some 
mighty giant was, by a powerful arm, pulling it down 
upon its haunches. Instead of all this, it is in charge 
of two men who are as self-possessed as though they 
were on the box of a family chaise. Experience is 
everything. 

Knowledge of the Traffic. — Knowledge of locomotive 
machinery and of the line in all particulars are acqui- 
sitions worthy of every driver's ambition, but it would 
never do to rest there. First-rate running, to be done 
with ease and safety, is inseparably dependent upon a 
thorough acquaintance with the traffic, and with what 
is going on " up " and " down " the line. 

A circumstance that took place a few years ago in 
respect to an important train will somewhat explain 
this point. A goods train, having two engines attached, 
was proceeding south at midnight, and after it had 
passed a fast express train a thought struck the driver 
of the express that, for two engines, it was a very short 
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goods train. He stepped over to the fireman's side of 
the foot-plate for the purpose of seeing whether there 
were any tail lights on the last vehicle, but, owing to 
a curve in the line, he could not ascertain that point. 
He, however, shut off steam, and gave instructions to 
his mate to have the brake in readiness, " for," said he, 
" it strikes me very forcibly, mate, all the train is not 
there." "When they had run about two miles, and were 
thinking of getting up the speed again, a red light was 
seen ahead surging violently from right to left. They 
pulled up at once to it, when a goods guard informed 
them, as he held his bull's-eye light into their faces, 
that a waggon-axle had broken in his train, and had 
caused twelve trucks to leave the rails, and that they 
were across the down-road right in the way of the 
express. The guard got up on the stop of the engine, 
when they pulled gently down to the scene of the 
accident, where a sight presented itself which told 
them that something else besides being able to drive an 
engine was required to make a man a good railway- 
man. 

Presence of Mind. — Railway service demands heads 
that think and eyes that roll, ready at a moment to 
detect the slightest intimation of anything wrong in 
the working of trains. 

Driver Staodiford, in charge of an up midnight mail, 
running to time, expected to pass driver Coven at or 
very near the Harrow Junction — Coven being also in 
charge of a mail going down. But as they did not 
pass each other near the usual spot, driver Standiford 
became very anxious about the whereabouts of Coven, 
and he looked with the greatest anxiety at every signal 
he approached to see whether the latter was signalled. 
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Disappointed, he said to his mate, " Coven not signalled 
yet ; something is surely wrong ; stand handy to thy 
brake." 

Such a thing as losing time with the down mails w 
very rare ; bo that, when they were late, the first idea 
about the matter waa that a pitch-in had happened, nnd 
nine times out of ten this thought waa the correct one. 
" Ten minutes late," said Standiford, aa he crossed over 
to the fireman's side of the engine to get a better view 
of the line in going round a curve, at the same time 
telling hia mate to let the fire alone awhile until they 
knew or saw something of the down mail. During 
those anxious moments Standiford never lifted his hand 
off the regulator-handle. For aught he knew, his life 
and those of others were threatened, and he expected at 
every chain to he auddenly summoned to shut the 
regulator and stop quick. With the assistance of the 
gauge-lamp Standiford once more looked at his watch ; 
the mail was now seventeen minutes overdue. As he 
returned his watch to his pocket he also stepped over 
to his own side of the engine foot-plate, and he had 
scarcely been there fifteen seconds when something was 
struck by the buffer-beam or guard-iron of the engine. 
It was neither timber nor atone, but was something much 
softer. Standiford heard something grating under the 
ash-pan; he shut off steam, and ordered his mate to 
Btop the train. A spot of oil, as he thought, had settled 
on his face ; but on wiping it off with the back of his 
hand he observed it was blood ! Forty thoughts sped 
through his brain. A man killed — fogman, signalman. 
Coven, front guard, or fireman — and on this he urged 
his fireman to put his brake on tighter if possible ; but 
he had no sooner done so when, to hia astonishment, he 
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heard the mail coming at a tremendous speed ; he in- 
stantly seized the gauge-lamp with his right hand, and 
with his left opened the whistle freely to attract the 
down mail engineman's attention. Coven, as he came 
round the corner, saw the danger light and shut off 
steam, put on the brakes, and pulled up as quickly as 
possible. When he had stopped he jumped down, and 
discovered, a few yarda in the front of his engine, in 
the four-foot, two dead steers and ten living ones wan- 
dering about the track. Meanwhile Staudiford had 
stopped also ; but after examining his engine, and on 
being satisfied that it was a beast he had run over, he 
put on steam again and pursued his way south. 

Now, how soon Staudiford would have pulled up at a 
red light, after Coven with the down mail was overdue 
to -pass him, we can readily understand ; but lor his 
thoughts, expectations, intentions, and plans to be 
suddenly sent to the "right about," and yet to be 
capable of quick action, promptitude, and self-possession, 
we cannot so easily conceive. "We must admire the 
coolness of the man. Standiford is what may be termed 
a good railway man as well as a good driver. 

In view of the perils of locomotive driving, and the 
nature of locomotivo machinery, it is necessary at all 
times to he ready to act with judgment and decision. 

Whatever a driver knows about an engine he may, 
unexpectedly, be called on to bring forward, and put to 
a practical test ; and who can say under what circum- 
stances this will take place P A crank-axle may break, a 
train may part in the dark, and events similar to thoso 
above described may form this day a portion of the 
experience of a man who has for years past been gliding 
onward like a pleasure-boat on a piece of fresh water. 
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Suddenly, with a fearful summons, he is called upon to 
poll himself together, and prepare to perform some simple 
act of duty which, when performed at the right time and 
in the right way, may not unfrequently excite admira- 
tion. But, too often, the performance is left to blind 
chance, on the spur of the moment, and in belief in 
one's lock. When the unexpected sharp sound of the 
whistle denoting extreme danger is heard, or when the 
crash comes, the mind is thrown into a state of con- 
fusion, vacillation, or hopeless distraction, and actions 
are abrupt and changeable, the driver not having 
already anticipated the occurrence of such circum- 
stances, stored the memory with facts and incidents 
bearing upon every possible mishap that can over- 
take an engine-driver, and through these acting with 
judgment and exercising sovereignty over the ma- 
chinery 

Makimg Note*. — It is possible, at all times, under 
every condition of employment, whether of cleaner, 
fireman, or driver, to make notes and to lay in a store 
of valuable information, gathered from the circum- 
stances of explosions, collisions, hair-breadth escapes, 
and temporary failures, sufficient to qualify even the 
youngest driver to grapple with railway difficulties. 

It is related of one of the great generals of antiquity, 
that whenever in his walks he met with a place which 
appeared to his mind to possess all the points that make 
a place either difficult to storm or to defend, he would 
ask his friends how, in case of war, a place like that 
iras to be dealt with. He would draw with his stick 
a plan upon the ground, showing the positions in which 
he would place his soldiers, where to deposit the baggage 
and erect the tents ; and, if he had to make a retreat, 
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he would explain the best possible way in his judgment 
to do so neatly, and with the least possible loss to his 
army. Consequently, nothing ever happened to him, 
ss it is recorded, but what ho had already planned in 
his mind years before. The ancient general was a fine 
instance of a mind that loves its profession ; and he 
afforded a bright example of what contributes to great? 
ness of character — " nothing ever happened but what 
he had already planned." It is this kind of forethought 
which we require upon the foot-plate- — a disposition to 
look in the face every possible difficulty that can befall 
a railway driver " years before." , 

Uliat to do when an Engine breaks down. — Every 
driver should ask himself such questions as he knows 
others have had to answer, in a practical fashion, rather 
more promptly than pleasantly. This night, for ex- 
ample, your crank-shaft shall break, and who can aay 
that it shall not P Therefore be prepared with material 
to pack it up. But the most needful thing is to know 
how to do it, and the quickest and safest way of doing 
it. It is the young driver's privilege, whenever an 
opportunity offers of seeing an engine a cripple, packed 
up, of going underneath and seeing how the packing is 
fixed underneath the axle-boxes in the case of a broken 
crank-shaft, sc that the flanges of the wheels are raised 
several inches above the rails. In the running-shed, in 
a word, a great variety of breakdowns daily invite in- 
spection — broken crank-shafts, broken eccentric-rods, 
eccentric-straps and sheaves, broken motion, and broker 
springs. 

It is well known that, though an engine may have 
one thing broken, it is not always of sufficient im- 
portance to disable the engine from working its train 




136 WITH A TRAIN. 

home after the mishap is discovered. This is a very 
important consideration. Some driverB scarcely know 
when they are beaten — a fact which opens up a wide 
discussion. Everybody upon the railways has heard of 
" Hell-fire Jack," and his daring flight over the Dee 
Bridge at Chester, after one side had fallen into the 
river below. Thousands of deeds quite as daring as this 
are successfully accomplished every year, and at this 
moment there are "Hell-fire Jacks" upon every rail- 
way. 

The most important question is, Having broken down, 
what is the first thing to be done f On the right 
solution of this question railway heroism not unfre- 
quently depends. It is, therefore, advisable to go now 
and again to the side of an engine, and, looking at the 
machinery, ask ourselves questions. Suppose that that 
right-hand back-gear eceen trie- rod breaks, what then P 
Could I get along in forward gear, after having dis- 
mounted the rod and the strap ? The answer is, Yes. 
And it should be prompt, as all such answers should be, 
with such an amount of readiness as really makes of 
breakdowns of this kind a matter of a few minutes. 

Supposing it is a fore-gear eccentric-rod that breaks; 
then, of course, one side of the engine would require to 
be disconnected altogether, — piston, &c. ; but, if such 
an accident occurred near a turn-table, on which the 
disabled engine could be placed by another engine, and 
turned, then the eccentric- rod and strap only need come 

Supposing that a right or left hand spindle was to be 
doubled up, so as to prevent the valve from being so 
adjusted as to close, say, the front port. First, the valve- 
spindle should be uncoupled from the valve connecting- 
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rod, and the latter taken down or tied up. To take it 
down, the pin which goes through the link must be 
withdrawn ; secondly, the big-end on the side nearest 
the broken valve- spindle is to be uncoupled ; then the 
little-end ; thirdly, draw the piston to the back end 
of the cylinder, next the slide-bars, and insert a piece 
of wood between the cross-head and the cylinder- cover 
or the stuffing-box, taking care to make the wood safe 
with tar-band or spun-yarn run round the slide-bar. 
Bv this operation the piston-bead is brought over the 
back steam-port, so that the steam, although it may be 
admitted into the cylinder through the front port, 
cannot move the piston ; for after the steam has filled 
the cylinder it simply remains full, and becomes, in 
fact, a steam-chest for the opposite cylinder. 

Supposing that a connecting-rod broke ; after un- 
coupling it from the crank-shaft and the cross-head, 
the piston should be drawn to the back end of the 
cylinder and secured exactly as already described in 
the previous case. Provided that the piston-head is 
quite close against the cylinder-cover, the valve need 
not for a short distance be disconnected, because the 
steam cannot enter the back of the c}"linder, since the 
piston-head is right over the port, and the steam which 
enters at the front end can have no effect whatever on 
the piston, and leaves the cylinder when the exhaust is 
open to the chimney exactly as though the piston was 
working. 

When the valve is disconnected from the " link " by 
which it is worked, it requires to be placed centrally 
over the steam-ports, so as to prevent any steam from 
entering the cylinder, either at the front or the back. 
This can be done by observing, on the spindle, the limita 
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of the travel of the valve, and setting the spindle to the 
middle point; or, the measurement can sometimes be 
better made off the valve connecting-rod when it works 
in a guide fastened to the slide-bars or motion-plate ; 
or, after opening the cylinder- taps, when there are 
one or more to each cylinder, and opening the regu- 
lator a little so that the steam blows through, and then 
the valve may be gently moved towards the cock from 
which steam issues, until the steam ceases to blow," 
or, in other words, until the valve closes the port. 

If a reversing- lever breaks, the engine should be 
worked by the regulator until another engine can be 
obtained. 

If a regulator should become uncoupled, or a steam- 
pipe should break, so that the steam to the cylinder 
cannot be controlled by the regulator, the engine should 
be worked by the reversing- lever, putting it in the centre 
knotch, out of gear, when about to stop. 

If an outside coupling-rod breaks, the coupling-rod 
on the opposite side must also be taken off before 
the engine is moved again. 

If a brake-screw strips the nut, the fact is to be com- 
municated to the guards, who will "brake" the train 
up to the station themselves. 

Tools should be at Hand. — It is highly necessary that 
the engine-driver should ask himself- — -What tools have 
I upon the engine P What could I do with them P 
Uncouple ? Could I lay bands upon any one particu- 
lar thing, such as a pin-punch or gauge-glass, in the 
dark, or in the midst of a cloud of escaping steam. If 
my engine left the rails, in what condition is the screw- 
jack ? Will it work properly P Have I a ratchet or 
bar to work it P Such self-interrogation may be 
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extended to every object : to the signals, for instance, 
the sights, the road, and the casualties which daily 
befall engine, train, engineman, or fireman. 

The preaa — newspapers — supply material for thou- 
sands of questions which are suggested by reading the 
reports. For this object the papers should be read 
every day. 

It is impossible to say under what circumstances a 
driver may have to decide at a moment's notice or to 
act with great firmness. But one thing is certain, he 
would be an extraordinary railway man who would 
never make a slip; who would not meet with any mis- 
fortune through the neglect of others ; who never has a 
broken crank-shaft, a bent valve -spindle, an outside- 
rod broken, or bent, broken connecting-rods or pistons, 
or choked fires ; who retains five fingers on each hand 
and five toes in each boot, with his ribs intact. Such an 
one m very unfortunate. Railway enginemen glory in re- 
latiog their hair-breadth escapes, and, ever and anon, 
lay special emphasis on the first personal pronoun when 
narrating the circumstances surrounding a good pitch- 
in between two goods-trains. The influence of such 
honest pride no one can sum up. On the iron track, 
in charge of the iron steed, George's troubles will come. 
The speed and the power are great, and danger lies 
even in the worm that burrows into the sleeper ; but 
the more extensive our acquaintance is with the unfor- 
tunate accidents in which our comrades have been 
killed, maimed for life, or bruised, the more extensive 
will be our power to steer clear, if possible, of every ill. 

Managing the Fire toward* the End of the Journey. — 
The principal point in the management of the engine 
with a train which remains to be noticed, is the finish. 
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With reapect to economization of coal, it is, at this 
part of the trip, where one engine-driver may be 
distinguished from another ; for difference of manage- 
ment can decide the fate of several hundredweights of 
coal. 

From the start to that point of the trip where it is 
considered that there is sufficient fuel in the fire-box 
with which to finish the trip, the fire has been kept 
well up to the door by frequent firing ; when, by expe- 
rience and judgment, it is decided that there is sufficient 
in the box to run the remainder of the trip. A gentle- 
man obtained an engine-pass : he was very anxious to 
see some locomotive firing; but he happened to join the 
engine when it was only 58 miles from where it would 
have to be detached from the train. As the train pro- 
ceeded on its passage, our friend, not seeing any firing 
going on, expressed hia astonishment. Mile after mile 
was left behind and still no firing nor application of 
fire-irons was needed. As the fire burned down it 
naturally became fiercer, and the fireman was solely 
occupied in attending to the pump, and getting as much 
water into the boiler as it would carry, cheeking the 
steam, and enabling the engine to run for the last few 
miles without requiring any farther supply of feed 
water. 

The pressure-gauge was watched very narrowly, and 
when it was inclined to fall off the pump was shut-off; 
if the needle attempted to rise again the feed was 
introduced to check it. After having run some 45 
miles, it became evident that the pressure was inclined 
to fall, and the fireman gently, with a fire-iron, levelled 
the fire, and raised the damper one more knotch. To this 
the engine replied, and the needle again began to look up 
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surprisingly, more water was introduced, and the boiler 
was filled up. The fire haying become very low, the 
pump was shut off, and the water already in the boiler, 
being in excess of the ordinary quantity, supplied 
steam for some miles and until the regulator was 
shut, when the pump was put on again with one inch of 
water in the glass, to run in some more water, the pres- 
sure of steam still admitting of an additional supply of 
water; which is not always the case at the finish. 
When the train arrived at the platform, the visitor 
particularly wished to see inside the box, where there 
was but a mere handful of fire, and, having looked about 
it, he said he was greatly disappointed, and " should 
certainly go on some engine where there was less 
pumping and more firing." 

It is not possible to make a fire last, like the one just 
described, to the end of every trip; but, when the 
attempt succeeds, a very large saving of coal is effected, 
and the average consumption is considerably modified — 
sufficiently so, if habitually practised, to make a de- 
cided impression upon any coal-list. One or two hun- 
dredweights of coals are scarcely observed in a large 
box, but two hundredweights saved at the conclusion 
of each day's trip is equal to about two tons per month. 
Now, it is not an unfrequent occurrence to find engines 
in charge of drivers who are very good in all other 
respects, who think nothing of a fine finish, and who 
take no pains to compete with others for economizing 
of fuel. They keep excellent time, and all that kind of 
thing, but they dislike to be troubled with the necessary 
effort of working the fire, water, and steam to the utmost 
limit of economy at the finish. Generally such men, 
however, look well to the steam when on the road, and 
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they work their engine with almost incredible e 
of water. 

Upon a particular railway, certain express trains had 
a run of 80 miles between two stopping points, and it 
was only by first-rate enginemanship that the train 
could be run without making an additional stop for 
water. Some drivers could do it — do it every time ; 
others failed to do it — failed at heart when they were 
not actually out of water. These men regarded it as a 
risk, having no doubt done it once, and, having found 
it close work, they never attempted it again. Those 
who did it, calculated, measured, and economized the 
water; to them there was no risk, for they knew 
exactly how far 20 gallons of water would take them. 
But then there were other drivers whose tenders could 
not carry sufficient water to take them through. 

Driver A, an old experienced engineman who can 
remember, when 90 lbs. was the maximum pressure of 
boilers, that the engines then ran quite as fast as they 
do now. Although his present maximum pressure is 
140 lbs., yet 100 lbs. is about what the finger on the 
pressure-gauge on his engine points to, taken on the 
average. This man works with the regulator full open, 
and he maintains the speed, against the resistance of 
the atmosphere and the load, by means of the reversing- 
lever, which is generally in the third notch from the 
centre. There is an injector and a pump on his engine. 
He makes use of the former occasionally, but he works 
the pump as a rule. This man cannot get over that 
bit of 80 miles run without making an extra stop for 
water. 

Driver B is also a man of some experience. He likes 
to see 140 lbs. pressure on the gauge, but is not d 
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posed to rouse his fireman over a paltry difference of 
20 lbs. This man works the regulator to maintain the 
speed, with the reversing-lever in No. 2 notch. He 
has an injector and a pump, and he works the latter as 
the boiler requires it. This man also cannot get across 
the 80 miles without stopping for water. 

Driver C goes in for 140 lbs. from the start to the 
finish, not a pound less ; works with the regulator full 
open, and with the reversing-levcr in No. 1 notch (next 
to the centre of the sector), expanding the steam until it 
can scarcely rise over the chimney top, when it swoops 
down on the boiler, and in the face of the driver. No 
steam is allowed to blow off, and having, like A and B, 
an injector and a pump, he works the injector, screwing 
it down in the barrel until it supplies the boiler 
with exactly the same amount of water that it parts 
with as steum. Thus no water is wasted by turning it on 
and off, and the waste of water at the pump-gland is 
avoided by not using the pump. This man can run the 
80 miles, and even then he has water in the well of his 
tender — a reserve which is no doubt due, in a great 
measure, to his using steam of a very high pressure, 
and expanding it to the smallest convenient pressure, 
just sufficient to keep a moderate blast on the fire. It 
is, in this case, absolutely necessary to fire often, with 
about six shovelfuls of coal at one firing. 

We return to the finishing advantages to be gained 
by a trip with a fire that has gradually burned down to 
the bars. Suppose that, at 50 miles from home, the fire 
has received the finishing touch. By the time the 
engine has traversed 20 miles of this length nearly 
every appearance of smoke, or carbon, will have dis- 
appeared, the gaseous elements of the fuel having been 
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consumed by oxygen, or atmospheric air. The fire 
commences about the same time to make steam rapidly, 
and the rapid production will continue even until the 
fire may be only a few inches thick, making more 
steam than when the box was full of coal. The ex- 
planation is, that alter all the smoke in the coals has 
been consumed, carbon is no longer deposited in the 
tubes, whilst the carbon particles which have already 
been deposited as a coating of soot on the tubes and the 
tube-plate, assisted by vapour given off from the fuel, 
are violently attacked by the oxygen and literally con- 
sumed. The fiercer the fire, the farther along the tube 
is the cleaning-out action extended. 

The increase of steam is therefore due to the absence 
of smoke ; to increased cubical capacity in the fire-box 
for oxygen ; to the increased transmission of heat due 
to the clearing out of the soot. If a kettle coated with 
soot is placed by the side of a smokeless fire, the heat 
will fetch off the soot in scales. 

The author remembers having an engine, in place of 
the regular engine, that refused to steam nicely, and 
was only made to keep time by working a thin fire 
by stratagem. The tubes were, at the termination of the 
trip, put through a scorching process similar to that 
described above, and the effect was incredible; for 
the engine steamed wonderfully well on the return- 
trip, which, very much unlike the up-trip, was per- 
formed with pleasure. 

A clean fire, in the sense of being free from smoke, 
when worked at the end of the trip, is a most effectual 
cleaner of tubes and destroyer of clinker. But if there be 
not quite sufficient fire in the box to run the engine and 
train home, it is better to add a little more coal to it be- 
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fore the fire gets too low; and in doing so care should be 
taken to see if there are hollow places anywhere — about 
the corners, for instance — that want filling up, so that 
the fire may burn down quite evenly; and, provided 
that the fire is level, and that there are several inches of 
fuel on the bars, and more fuel is required, it is advis- 
able to use the chisel dart, routing the clinker off the 
bars before putting any more coals on. This will be 
found necessary to secure a good draft and rapid com- 
bustion. For this purpose the coal should be small ; 
and it is a good opportunity to work off small coal. The 
brick arch should, when possible, be cleared by the 
rake when the trip is being finished, so that the fine 
coal lodging on it and raked off on to the grate 
may contribute a little towards getting the engine 
home. This should be done when there is a good hot 
fire. 

In inclined fire-boxes the fire requires to be raked 
back, so that the bars near the door may be covered. 
In running in, the pump and the blower are generally 
employed — the former to fill the boiler for the next 
day's trip, and the latter to get as much steam as 
is possible out of the dying embers, if only to blow it 
back into the tender to warm the water for the next 
day. 

Use of the Blower. — In all cases, before shutting 
"off" steam, the blower should be put on, and the 
fire-door opened a little, if there be smoke in the fire- 
box, or if the pressure in the boiler is at its maximum, 
so that the flame and sulphurous smoke may be dis- 
charged up the chimney instead of darting out by the 
doorway as soon as the regulator is closed. 

Lubrication of the Cylinders and Valves. — The cylinders 
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and the valves should be properly lubricated, as often 
as there is an opportunity of doing so, on long trips — 
when checked by signals, or when reducing speed for a 
junction ; and they should always be lubricated just on 
running in from a trip, so that the engine may be able 
to move without a groan when leaving the shed for the 
next journey. 

Approaching a Terminus. — In approaching a terminal 
station, the train should be well under control, so that 
the engine may be able to stop, by signal, at any part 
of the platform. If a driver is riot thoroughly ac- 
quainted with a place, it is ten thousand times better to 
have to put on steam again to get the train into the 
station than to go into the buffers with the engine 
reversed, whilst the fireman perspires in his efforts to 
twist off the handle of the brake, after the wheels of 
the tender have all been locked. 

When on the station, whilst the engine is waiting to 
pull out the carriages, the driver should look round his 
engine, and ascertain if all the axles are running cool. 
Sometimes when the engine is long detained in the 
station, all the axles, if hot before, may have become 
cool when the engine arrives over the shed pit; and 
no defect by hot axles can be discovered until after the 
engine gets some distance on the road the next day, 
when an axle is found hot that probably might have 
been previously restored to good order had the drivei 
examined his engine when he arrived in the station or 
the previous trip. 

Where there are pits the engine can also be ex 
amined underneath with the same object — to detect 
anything hot before it has cooled down. And here, it 
may be remarked, there is a great want of engine-pits 
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at most of the great terminal stations. They would, ii 
built there, not only confer a great boon on the engine* 
men, but would save the companies the cost of many a 
vexatious failure ; not to mention the damages which 
generally follow upon the failure of an engine in the 
form of compensation for loss of time, cab fares, Ac. 



CHAPTER EL 

CAUSES OF FAILUEEa 

To learn what have been the causes of failures in loco- 
motive engines is a most instructive practice; and 
whoever reads the fine-sheets and the newspapers 
carefully cannot but learn how many, even the most of 
them, are brought about. It may be advisable now to 
note how and where, in their machinery, some engines 
have failed. 

In consequence of not properly examining his engine, 
the driver lost the nuts off the studs of the piston-gland, 
by which the gland was allowed to work out of the 
stufiing-box. When it thus became free, the gland 
accompanied the piston-rod outwards, and on returning 
homewards it failed to enter the stuffing-box. The 
consequence was that it received a tremendous blow 
from the cross-head on the return stroke; and, by 
the concussion, the piston-rod was snapped asunder. 
While the driver was uncoupling he thought of the 
water in the boiler, and jumped up on to the foot-plate 
just in time to draw his fire and save the boiler. This 
accident caused a delay of one hour. 

By the driver's negligence, the fire-bars of his 
engine melted, or ran together, the ashes not having 
been raked clear out of the ash-pan. When the ashes 
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are piled up to the bars, these are placed, practically, 
between two fires. It is a very common thing to 
neglect clearing the corners of the ash-pans, which is 
not only a disadvantage to an engine for steaming, 
but the accumulation being wet, from various causes, it 
corrodes the ash-pan and makes holes in it, so that 
when the engine is standing full of steam, the steam 
blows off, and it is impossible to keep it quiet. This 
entails extra consumption of fuel and waste of steam ; 
and, further, when the engine is running with the 
damper open, the air which enters at the opening 
rushes out through the holes, instead of rushing into 
the fire. 

In consequence of the driver not examining his engine 
properly before joining the train, he gave it up a few 
hundred yards from where he hooked on to it, the 
cross-head cotter being loose. 

In consequence of the driver not seeing that the 
tender was full of water before starting, he had to make 
an extra stop with a first-class train, thereby losing 
caste as an express man. 

In consequence of the driver not examining the set- 
pin in the little-end cotter, the latter worked out, and 
delayed an important express train forty minutes. 

In consequence of the fireman not ascertaining what 
pressure of steam there was in the boiler before making 
up the fire, his engine could not take its train. 

In consequence of the fireman being left to do all 
the oiling, the little-end (of steel) seized, causing the 
engine to fail ; the fireman forgot to oil it. 

In consequence of the sand-pipes not being properly 
tested before the engine joined the train, they would 
not work when required, causing the engine to lose 
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forty-five minutes, where, being on an easy gradient, 
it should not have lost a second. 

In consequence of the driver not making sure that 
there was a split-cotter in the draw-bar pin, the pin 
worked out, and the engine was separated from the 
tender and train. 

The driver did not inspect his engine before leaving 
the running-shed, and he lost the pin that connected 
the eccentric-rod to the " link," thereby giving up his 
train and causing delay. 

The split-pins in the motion should be carefully 
examined with the fingers. It is usual for some drivers 
to give them a gentle tap with a hammer ; but the tap 
often fails to detect if the pin is broken in the eye of 
the connection. 

By trusting to chance or luck, a driver was obliged 
to give up his train, through an eccentric-bolt working 
out. The bolt and nut were found, but not the safety- 
cotter, which had no doubt been lost some time pre- 
viously. The bolts, nuts, and cotters about the eccentrics 
require daily inspection, not only to prevent a failure, 
but also to assist in keeping the motion compact and 
square. When an unusual amount of slackness is 
allowed between the eccentric-strap and the sheave, the 
valve is permitted to slugger, and in consequence the 
timing of the valve is affected, with the distribution of 
the steam and the " beat." In some instances it causes 
the bolts to break. When the bolts have worn slack 
the fitter should let them up early. 

By not looking round his engine properly, the driver 
started with the smoke-box door insufficiently screwed 
up. It was not air-tight, and he lost half an hour with 
an express. The washing-out men had taken out the 



CAUSES OF FAILURES. 



151 



cross-bar to get access to the smoke-box, and had re- 
placed it with the wrong side outwards. They then, 
without taking any notice, screwed the handles'on the 
emoke-box door tight up against the collar on the 
spindle. This kind of mistake has happened several 
times. 

In consequence of the driver not inspecting the trim- 
ming in a big-end, after a fitter had put in fresh metal, 
he was obliged to give up his train. In this caBe the 
trimming was too tight. It is very important that 
every driver, who knows what quantity of oil his big- 
ends take, should put in the trimming himself. Some 
engines require more oil than others, although made 
from the same drawings, owing to their being more 
out of line than others — not built square. 

In consequence of the driver not looking after his 
engine, he lost the syphon-top off the eccentric -strap, 
by which the oil was allowed to escape, when the strap 
seized the sheave, and got broken, delaying the train. 
The same kind of accident has occurred to big-ends, 
causing the breaking of the connecting-rod and sending 
a piece of it into the boiler. 

In consequence of the driver's negligence in not see- 
ing that the pump-ram of his engine was all right, it 
worked off the gudgeon, damaging the engine and 
delaying his train. The set-pin head was hid in grease 
and dirt, showing that it had been neglected daily both 
by the driver and the cleaner. 

In consequence of the driver not seeing that the 
valve spindle-gland was screwed up " fair," it heated 
the spindle, and consequently weakened it, so that it 
bent. Care is required both with piston-rods and 
valve-rods, so that they may stand in the centre of 
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their respective glands; nothing is so irritating to 
them as a gland which interferes with their operations, 
either by the gland being out of centre or by its work- 
ing loose on the studs. In packing a gland, it is a 
great, mistake to suppose, as is often done, that the 
quantity of flax put in represents the efficiency of the 
job. It is often the case that the flax has been packed 
so tight and so hard as to be incapable of receiving 
any moisture from the oil or tallow in the gland ; con- 
sequently the flax is charred and becomes hard in a 
very short time. The best way to make a gland stand 
well is, first, to clean out the stuffing-box and tallow it 
a little ; then to put in some moderately tallowed flax, 
of the same thickness throughout, not too tight, with 
the joint at the top. After having packed the gland 
once, take particular note of the exact length of it 
required to fill the stuffing-box, so that the two ends, 
if the body was removed, would make a butt joint. 
The glands should not be screwed up tight, but should 
be well secured with lock-nuts. If there is a recess in 
the gland for oil or tallow it should be carefully 
trimmed, not too tightly, and it should be liberally, 
but not wastefully, supplied with lubrication. The 
duration of the packing depends principally upon the 
attention given to the swabs, or oil- cups, for feeding 
the flax in the stuffing-box. If they are neglected the 
flax will soon burn and perish. With proper attention, 
a freshly packed gland will last for weeks by adding a 
little flax now and then, and by keeping it very moist 
with oil or tallow. 

In consequence of the driver fitting an air-tight cork 
in the syphon-top of the big-end, the lining metal 
melted out. When corks are used they should be 
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pierced through the centre, and a couple or more 
strands of worsted pulled through the hole ; this will 
permit the air to enter the cup, and prevent the oil 
from flying out. 

In consequence of the driver not examining his 
engine, he failed, owing to a fitter having forgotten to 
replace a pump-ram which he had taken down. 

In consequence of the driver's neglect, the cross- 
head cotter worked out, and left the piston-rod to drive 
oat the cylinder-end. 

Superior locomotive drivers, upon all railways, follow 
no false illusions respecting luck ; they habitually exa- 
mine their engines before joining a train. 

It is a very uncomfortable feeling to be working an 
engine which one fears may give out every minute, and 
unless it is properly examined how can a driver know 
but what, before he has finished his day's work, the 
connecting-rod may drive right through the fire-box, 
owing to a broken cotter or gib, or by a set-pin slack- 
ing back. Such things have taken place, and simply 
await like conditions to occur again. However, when 
the engine is properly examined, the driver derives from 
the practice a wonderful amount of confidence in his 
charge ; and without this no man can be a great 
driver. 

It is a good rule to examine the engine off the pit. 
As the engine leaves the shed both pumps should be 
turned on and well tested, and the dry-sand boxes 
opened so as to ascertain that they are workable. 
Should the engine have been under slight repairs, 
these particular jobs should be thoroughly tested or 
examined before the engine leaves the running-shed 
yard. Fitters, like the rest of mankind, are liable to 
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make mistakes ; consequently, all their work freshly 
done should never be accepted as perfect until it has 
undergone a proper test. Callipers have been left in 
the feed-pipea ; pump-rams left down ; rings left out 
of the piston ; files left in the valve-cheat ; cylinder- 
cover joints and valve-chest joints not screwed up 
tight ; big-ends fitted up too tight ; water let out oi' 
the tender, and no intimation of the incident given to 
the driver ; feed-pipes uncoupled. One individual, 
who had to do some work in a smoke-box after the fire 
was lighted, put a large sheet of thin iron between the 
blast-pipe and the tubes to keep the smoke off, and 
when he had done hie work left it there, and fastened 
up the door. The consequence was that the driver, 
after having done everything he could think of to get 
on the road, put into a Biding with an important ex- 
press, when he found out what was the matter. Such 
a case would lead one to consider whether it is not 
necessary regularly to examine the smoke-box aa well 
as everything else. Many things have been found 
wrong whilst the engine has been leaving the shed 
which were not discovered over the pit — things that 
would have amounted to a vexatious little- big failure. 
That is, the causes would have been small, but the 
effects on an expreeB sufficient to have made London 
Bridge echo again. It is by far the best way to find 
out in the shed that we have only part of an engine, 
than to join the train and find it out there. 

In conclusion, the science of locomotive driving is 
based upon close observation, and by just so much aa 
there is of thia faculty in a young driver will he suc- 
ceed. 

By closely watching what is going on in the eng: 
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upon a railway! it is possible, with patience, to become 
able to detect* little irregularities taking place in the 
machinery of the engine, in the traffic, and in the 
signals, the discovery of which, made in good time, 
enables the driver to avert many failures and collisions. 

The eye of a skilled physician no sooner meets that 
of his patient than he at once diagnoses the complaint, 
and prescribes the remedy ; and it cannot be doubted 
that the same skill and precision of judgment are neces- 
sary, and may be acquired, on the part of an engine- 
driver in respect to an engine. 

The iron horse, like its master, is liable to serious 
indisposition, subject to strains and ruptures, and is 
sometimes nearly choked. Now and again, therefore, 
it is not very lively, and consequently requires extra 
supervision. It is undeniable that break-downs and 
failures of every possible description, like everything 
else, have their cause or their origin within reach of 
investigation. 

Every failure of an engine is one of three things : it 
is either a deviation from what the builder intended, a 
deviation from perfect enginemanship, or a deviation 
from sound genuine locomotive properties. It is clear 
we cannot tell what the deviation, the something wrong, 
is, unless we know what the thing deviated from, the 
prior something right, was, which can only be ascer- 
tained by observation and experience. 

Observation in a shed may appear, to some persons, 
to be very tame and unphilosophical ; but by it alone 
some worthy individuals have discovered the cause of 
certain effects which others have deemed unknown or 
unassignable. 

He who resolves never to investigate the cause of 



156 



CAUSES OF FAILUBES. 



any other failure than his own, must remain all hia 
life unfit to govern a powerful engine coupled to an 
express train. 

There can be no doubt that he who has made the 
most of his time, and made the most investigations, is 
best qualified to take charge of the most important 
trains. The excellences of our calling are not arrived 
at by chance, but a man must begin with the conviction 
that he is in his proper sphere, a sphere suitable to his 
abilities. With both hands and a bouyant will he 
must buckle to, resolved to know all about the engine ; 
all about the laws of combustion, the fire, water, and 
steam ; all about failures, choked fires, priming, and 
the quality of coal. 

Every object exhibited to view upon the line may 
furnish matter for investigation. Even when stand- 
ing by a water-crane, the position of some portion of 
the engine in relation to the column or dip of the crane 
can be taken ; for ever after the information gained 
may be really valuable. The same thing may be said 
of the turn-table ; and such notes, although seemingly 
trifles in themselves, very often enable a man to exhibit 
tact and skill sufficient to warrant his superior in 
recommending him for promotion. 

But whilst diligence is strongly recommended to the 
young driver, who frequently has no other means of 
gleaning facts — for few men will make him as wise 
as themselves — yet there are certain things which 
take place about an engine that require years for 
their solution. No doubt some persons are trying 
to solve them now, and have been trying for years. 
They may have obtained the solution of a few pro- 
blems, which are to them " chance pearls which dili- 
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gence loveth to gather and hang around the neck of 
memory " 

To such persons be it known that self-reliance is 
a grand element of character ; it has won Olympic 
crowns and Isthmian laurels ; it confers kinship with 
men who have vindicated their divine right to be held 
in the world's memory. 

Let the master passion of the soul evoke undaunted 
energy in pursuit of the attainment of one end, aiming 
at the highest in the spirit of the lowest, prompted by 
the burning thought of reward, which sooner or later 
will come, for earnestness and foresight are steeds which 
never fail. This is a beautiful Persian proverb : " A 
stone that is fit for the wall shall not be left in the 
way." If you are fit for the wall, heed not. Only, be 
fit, squared, polished. Learn such knowledge as is 
necessary and falls within your sphere, and it is certain 
your turn will come. The builders will find you, the 
wall will require your services to fill up a place quite 
as much as you need a place to fill. 



CHAPTER X. 

SHED-DAT. 

Washing out the Boiler. — Previously to washing oat the 
boiler, and before the engine is taken into the shed, the 
smoke-box requires to be cleaned and perfectly cleared 
of ashes with the shovel and the hand-brush, so that 
the wash-out plugs can be easily taken out and that 
there may not be any ashes to be washed into the 
tubes. 

To cool a boiler down quickly, and without injuring 
the plates, after all the steam is blown out of it, let out 
the hot water, and allow the boiler to stand for several 
hours, when the whole of it gradually cools down. 
Two persons are required to wash out a boiler properly. 
The washing -out rods should be of copper, that the 
plug-hole threads may not be damaged by the rods. 
The hose should be placed first over the top of the 
fire-box, next in the chimney-end, and afterwards in 
each mud-hole or plug-hole around the bottom of the 
fire-box. After the boiler has become perfectly clean, 
which may be known by the colour of the water run- 
ning out of it, it should be thoroughly examined with 
a small spirit-lamp, on the end of a piece of copper 
wire, by the foreman boiler-maker or the running-shed 
foreman. In any case, it should not be left to the 
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driver's judgment. Some one else should share the 
responsibility, and be able to testify as to the manner 
in which the boiler is cleansed every shed-day. The 
most particular parts for examination are the stays 
around the fire-box, upon which the dirt sometimes 
lodges, and ia accumulated until the copper is damaged, 
causing it to bulge inside of the box, and thereby 
throwing a very severe strain on the stayB near it. 
Many fire-boxes have been completely ruined by dirt. 

After the boiler is perfectly washed out, the plugs 
before they are put in require to be greased, to prevent 
their sticking, and so requiring extra power to get them 
out again, after having been exposed for a time to the 
action of the water and steam. 

The driver or the leading hand of tho washers-out 
should always restore the plugs to their places. Inex- 
perienced men have occasionally put them in acrosa 
thread — a mishap which has in many instances led to 
Berious delay, in consequence of the steam blowing 
through the opening made by the plug in its oblique 
position, and the necessity for letting off the water to 
get the plug properly replaced. 

When the boiler is cold and the plug is out, the 
latter does not require to be screwed in so frightfully 
tight, because when the boiler is warmed up it expands 
and closes on the plug ; and therefore a plug put in 
tight when the boiler is cold becomes still tighter when 
the boiler is hot ; and this is invariably the condition 
of the boiler when plugs are withdrawn. 

Filling (lie Boiler. — Whilst the boiler is being filled 
with water, or being emptied, tho regulator should be 
opened ; the reason of which will be explained in the 
chapter on Pneumatics. 
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For raising steam in a tight boiler, it is sufficient to 
fill it for about two-thirds of its capacity ; for water 
expands when heated. After the boiler is filled the 
regulator should be shut. 

Examination of the Fire-box. — On shed-days the 
driver should get inside the fire-box and thoroughly 
examine with a light everything in it, down to the 
fire-bars. By such an examination he acquires some 
knowledge of the construction of the box, and he 
acquires confidence. 

When the copper plate round the stay-heads is 
bulged, the bulging is generally a sign of the presence 
of dirt at the back of the plate, which requires to 
be at once removed. The brick arch, when it begins 
to get shaky in the middle, requires to be attended to. 
It is generally formed to a versed sine of six inches. 

The Mounting. — On shed-day, or, as it is sometimes 
described, shady day, all the gauge-cocks, safety-cocks, 
and other cocks are generally examined. When the 
plug of a cock requires to be ground in, it should not 
be treated with emery, but with silver sand. Some- 
times the plug of a cock causes a leak, in consequence 
of its bearing hard at one end ; then with a fine file 
it is reduced a little. A very little reduction is often 
sufficient to enable the plug to touch the shell all the way 
through. The grinding is generally done with water 
and sand, and as the plug is lifted up and down during 
the process of grinding, the hand at the same time sets 
the plug down in the shell at a different place each 
time, to avoid making the shell oval. 

When the shell requires grinding, a leaden plug is 
used, cast in sand from the proper plug, making allow- 
ance for increased size by rapping the pattern plug in 
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the mould. The lead plug should be provided with a 
handle at one end. 

When the lead plug is fitted, by grinding with sand 
and water, to the shell, should the shell not touch the 
proper brass plug in the centre, the lead plug is reduced 
in the middle by a file, so that it bears only at the ends 
on the shell. Being thus eased in the centre, the lead 
plug will rub down the shell at both ends until it has 
worn and restored the interior of the shell to the form 
of a true cone. 

The plug and the shell require to be perfectly freed 
from sand before they are put in working trim. They 
should also be tallowed. Every plug about the boiler 
should be properly attended to, and made perfectly 
steam-tight. The taps of the gauge-cock require extra 
care ; and, whilst being perfectly tight, they should be 
workable at all times by the thumb and forefinger only. 
The screw- plug, which is in a direct line with the water- 
way into the boiler, should be taken out and the water- 
way cleaned. 

It is a sure indication of a third-rate engineman when 
we hear of a gauge-glass breaking and giving people a 
wetting ; but several men have made very serious mis- 
takes by neglecting the cocks. In one instance, when 
the glass broke while the driver was trying with the 
shovel to shut off the steam and the water, he lost all 
thought of W — distant signal, which was against him, 
and he ran into a horse-box standing at the station. 

A very promising young driver, who had just relieved 
another driver, lost his life entirely through the bad 
condition in which the gauge-taps were left by the first 
driver. The glass broke, and the relieving- driver, find- 
ing that he could not shut the cocks, proceeded towards 

M 
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the back of the tender to obtain a monkey-spanner, 
which he constantly carried with him. In the excite- 
ment of the moment, the steam and the water blowing 
about, he forgot to look out for bridges, and was unfor- 
tunately knocked off the tender and killed. 

On shed-day, every little job should be attended to 
by the driver, or the fireman, or a fitter. To do so 
thoroughly a little foresight is needed, and especially 
where the appliances of the running-shed are limited. 
It is therefore desirable that it should be pretty well 
known, in advance, by the foreman arid the fitter, what 
is required to be done to an engine on tbe sbed-day, 
when it comes round. 

It has happened, in consequence of the driver's specu- 
lating on everything necessary being found in the 
stores, that several days' running has been lost to the 
company by engines which migbt have been at work, 
had the driver given timely notice of what was required 
to be done. Some pumps fail gradually, working with 
a harder knock every day. The foreman receives no 
notice of the failure, until driver A reports tbat the 
engine- pumps have given out. The result may be 
that the repairs are such that the engine must be 
stopped between its shed-days, and the other engines 
which have their regular shed-days are neglected in 
order to attend to that engine. Hence a host of risks 
may be encountered through the dilatoriness of one 
man in reporting defects as soon as they are dis- 
covered. 

When engines fail by the want of timely reporting, 
the failure is, properly speaking, that of the man, not 
of the engine. He fails in carrying out his obligation 
to his superintendent, who, though he is not always on 
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the engine, is nevertheless accountable to Lis directors 
for the proper performance of the engine. 

Cleaning the Tubes. — On shed-days the tubes require 
to be cleaned and cleared of ashes. There is scarcely a 
tube but has about five square feet of heating surface in 
it, and one might enter many a shed and find engines 
having, say, six tubes totally choked with ashes. These 
tubes contain, say, thirty square feet of heating surface. 
Now to form a proper and permanent idea of what six 
stopped-up tubes signify, let a young engineman mark 
thirty square feet of surface upon the ground, and the 
importance of thirty square feet of heating surface 
will be impressed upon his mind. Where there are a 
sufficient number of engines, it is economical to employ 
men specially to sweep the tubes, or to see that the fire- 
man makes every tube perfectly clear by examining 
them. 

On the first shed-day in each month the tender should 
be washed out and examined inside. 

Packing the Glands. — On shed-day all the glands 
require to be attended to — re-packed, and furnished 
with nice clean trimmings or swabs. 

When patent packing is employed to keep the gland 
tight, with break-joints, it should not be screwed toa 
tight, for thus the material would be pinched to such 
an extent that the lubrication could not penetrate the 
packing, and its value would be lost. 

On shed-day the tool -boxes, &c, should be over- 
hauled, and superfluities thrown away. There should 
be a place for everything, everything should be in its 
place, and there should be a use for everything which 
occupies a place. 

Re-metalling a Brass. — The following is the method 
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generally adopted for re-metalling a brass, though it is 
not often that an engineman is required to do this : — 
The brass is first held over a fire, to melt out any metal 
remaining in it, and to free it of all foreign matter, as 
grease and dirt. If the tin is melted or destroyed, the 
recess in the brass will require to be washed with spirits 
of salts and re-tinned before the white metal will hold. 
To tin the brass, it is heated until it will melt block-tin, 
with which those parts intended for white metal should 
be thinly coated. The brass is then allowed to cool, 
but should yet be quite hot when the metal is poured 
into the recess. 

Brasses require to fit easily on the journal ; they 
should be tight nowhere. The horizontal channel in 
the crown must be clear, to secure a body of lubrication 
near the axle. The keep underneath must not touch 
the journal. 

Big-end brasses should be brass-and-brass when put 
together; and, when the axle is cold, a little play 
should be allowed between the brass and the journal, 
for the latter to fill when expanded by heat, whether 
the heat be derived from the fire-box or generated by 
the work on the journal. The heat from the fire-box, 
however, has been known to make a big-end too tight, 
which, when put together, was considered a superb fit. 
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CHAPTER I. 

THE INDICATOR, 

By means of the indicator, an instrument originally 
invented by James Watt, and improved by others, 
diagrams are traced with a lead pencil on a small 
piece of paper, representing the action of steam in the 
cylinder. 

Very accurate information respecting the character 
of the distribution of steam to the cylinders by the 
slide- valves may thus be obtained, together with parti- 
culars of the pressure, and its variations, at all point* 
of the stroke. It is by means of this instrument alone 
that it has been discovered that the pressure in the 
cylinder is several pounds per square inch below that 
in the boiler — a fact which is due to the radiation of 
heat, the resistance of bends in the pipes, and wire- 
drawing of steam. 

The indicator is to the engine-builder exactly of the 
same importance as the pressure-gauge is to the engine- 
driver. By the former, the state of the valves and the 
motion is ascertained ; and by the latter, the state of 
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the fire and the temperature of water in the boiler are 
ascertained. 

Fig. 11 is a representation of a normal diagram, 
taken by the indicator at a low speed ; when the pace 
is increased the tracing is more irregular, bat still, to 
an experienced judge, the nature of the distribution — 
too soon or too late, &c. — is clearly defined. 

The indicator consists of a miniature cylinder and 
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Tg. 11. — Normal Indicator Diagram. 

piston, fitted with a spiral spring to resist ine pressure 
of the steam. It is connected to the cylinder-cover, 
or nimt, of the engine; and when the communicating 
oock is opened the steam from the engine-cylinder 
avis upon the indicator-piston and compresses the 
spring, which resumes its normal position at the line 
atmospheric pressure when the pressure is with- 
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drawn by the exhaust of the steam. The piston-rod of 
the indicator is so fitted as to govern the movements of 
a small lever, which carries a lead pencil that is brought 
in contact with a piece of white paper coiled round a 
barrel, fixed on a bracket in a vertical position by the 
side of the cylinder. The barrel turns on a vertical 
pivot, on which it receives a reciprocating movement 
from the cross-head of the engine, representing the 
stroke of the engine, and quite independent of the 
movements of the indicator-piston, which are vertical, 
capable only of marking a vertical line, which would 
represent the minimum and maximum pressure, with- 
out the variations, during one stroke of the engine — 
neither would the line teach anything respecting the 
valves. 
Timing the steam at all points of the stroke, the 

Point of admission, 
Period of ditto, 
Point of suppression, 
Period of ditto, 
Point of release, 
Period of ditto, 
Point of compression, 
Period of ditto, 

are to be obtained and traced through the medium of 
the barrel, which it is now necessary to describe more 
particularly. On its face is fixed a graduated scale, 
say from 10 to 150, which is intended, with a suitable 
spring in the cylinder, to register, by means of the 
pencil attached to the indicator piston-rod, the pressure 
of the steam in the engine-cylinder. Within the 
barrel is fixed a kind of watch-spring, but very much 
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stronger than a watch-spring ; and at the foot, outside, 
a pulley is fitted, having a groove in it. At the bottom 
of the groove the end of a cord is made fast, and 
wound round once or twice ; this cord is also, at the 
opposite end, fastened to the cross-head of the engine, 
which, when in motion, pulls the barrel round once at 
each stroke, and the force of the spring returns it to 
the original position. 

But it must be observed that while the engine-piston 
moves, say, 2 feet, the motion of the barrel can be 
reduced, by a system of levers very simply arranged, to 
the length of the required diagram, viz. 4 or 5 inches. 

From what has now been stated, when the steam is 
put on and the engine begins to make a move, pro- 
vided all things are ready — pencil in contact with the 
paper, and the cross-head of the engine connected to 
the card-barrel by a cord — we obtain two different 
motions, which are absolutely necessary to know exactly 
what the steam is doing. The motion of the indicator- 
pencil is vertical, and that of the barrel horizontal. 
Instantaneously the steam drives up the pencil and 
scores the pressure in the cylinder, making the line a b ; 
when the pencil gets to b it remains still, the pressure 
underneath the spring being continuous ; but the barrel 
still moves round, and the pencil therefore marks the 
line in the direction of c from b. At c we find a change, 
that is produced not by the barrel but by the indicator- 
cylinder, which marks a reduction of pressure. Owing 
to the valve having closed the steam-port, the pressure 
becomes gradually less from e to d, which is the period 
of expansion ; at d there is a second decrease of pres- 
sure, owing to the exhaust-port being opened, and the 
steam being released from behind the piston, and the 
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pencil consequently falls to the eduction corner, e. The 
line ef is marked by the pencil during the return stroke 
of the piston, and whilst the spring in the barrel is 
returning the latter to its normal position. The line 
o h is called the atmospheric line, and it is made by the 
indicator, before steam is admitted to its cylinder, by 
moving the barrel round ; its object is of the utmost 
importance, as it enables the engineer to measure the 
amount of back pressure, as shown in the diagram. In 
a locomotive diagram the return-stroke line never 
crosses the atmospheric line, but in a condensing engine 
it does, with a good vacuum, produced by the condenser 
and air-pump. 

Once more, it should be observed on the diagram 
that just before the pencil arrives at the admission 
corner it leaves the back-pressure line, and cuts the 
corner off, to join the line a b again. This requires 
eome slight notice, because the circumstance may be 
produced by two widely different causes, viz. by 
cushioning and by pre-admission. Cushioning is pro- 
duced, and increases as the admission is reduced, by 
steam remaining in the cylinder after the exhaust- 
port is closed ; there being no way of escape, it 
is compressed between the piston -head and cover, 
and hence the cause of the pressure in the cylinder, 
increasing and driving the pencil up before reaching 
the corner, a. This corner, a, is also cut off by the 
pencil under the influence of pre-admission, or, more 
plainly speaking, by the lead given to the valve in 
advance of the piston. We have now traced the 
diagram through a complete revolution of the wheel, 
and, before concluding this subject, it will be profit- 
able to notice some changes that appear on a dia- 
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gram taken from an engine labouring under slight 
defects. 

For instance, if, instead of a straight line, a b, we 
get one slanting to the left, towards c, the valve is 
without lead, and the eccentric requires to be shifted 
a little more in advance of the crank, or the valve- 
spindle is too long. If the lead corner is cut off too 
much, the valve has too much lead, and the eccentric 
requires to be shifted a little more towards the crank. 

If the expansion corner, c, slopes too much towards 
the eduction corner, d, instead of presenting a tolerable 
good round corner, it shows the steam is wire-drawn, 
that is, a certain amount of elasticity is taken out of the 
steam, either by the regulator being partially open, 
instead of wide open, or through the steam-pipes and 
steam-ports not being properly proportioned and there- 
by causing the steam to condense in forcing its way to 
the cylinder. This imperfection also affects the full 
steam line, b r, causing it to dip before reaching e, in- 
stead of maintaining a horizontal line. If the eduction 
corner, c/, is rounded off too much, and the back pres- 
sure line remains too far from the atmospheric line, 
with excessive cushioning at the admission corner, it 
tthows the engine has too much inside lap and cannot 
clear herself of steam. 



CHAPTER II. 

HYDROSTATIC&— HYDRAULICS— PNEUMATICS. 

Hydrostatics. 

The Science of the Gravitation of Fluids. — From tlio 
experiments which have been made in this branch of 
natural philosophy, we are taught that fluids press per- 
pendicularly, vertically, laterally, and in every direction 
equally. 

The vertical or downward pressure of fluids is in 
common with that of solids. The pressure of water 
vertically is illustrated in the case of the gauge-glass. 
The pressure of fluids laterally or sideways is demon- 
strated by seeing water flow out of the Bide of the fire- 
box. It is an important principle in hydrostatics that 
the surfaces of all waters in free communication with 
each other are in one level. By the property of 
the gravitation of water inducing the tendency to find 
a common level, hydraulic engineers are enabled to 
supply our principal towns and city with water from 
reservoirs, situated on an elevated spot, and sometimes 
several miles off the dwellings of the inhabitants. 

Hydraulics. 

The Science of Fluids in Motion. — Under this branch 
of natural philosophy we find the locomotive pump, 
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out of which water is forced into the boiler. When tin 
feed is opened on the tender, the water in man; 
instances falls into the pump-barrel, and, when the ram 

is drawn outwards, fills it the water running through 

the bottom clack, which is purposely constructed to open 
into the pump-chamber only. On the inward motion of 
mm commencing, the water, being pressed by the ram, 
closes the bottom clack and lifts the middle one, which 
is constructed to open so as to allow the water to 
escape into the delivery-pipe. As soon as the ram 
reverses its motion, to leave the pump, the middle clucks 
close, through the water already in the delivery-pipe 
attempting to drop back into the pump-barrel, and at 
the same instant the bottom clack opens and, as the 
ram proceeds, charges the pump with water again. 
Assuming that the delivery-pipe and pump are filled 
with water when the ram returns into the barrel, it is 
evident, owing to the bottom clack preventing the water 
from running to the feed-pipe and tender again, by 
great pressure the water must move to somewhere to 
mako room for the ram, for water ia incompressible, and 
therefore the top and middle clacks are designed to 
meet the case — opening towards the boiler, and thereby 
allowing the ram, when entering the pump, to force 
u stream of water corresponding to its length and 
diameter into the boiler at each alternate stroke. 

There are a variety of small deficiencies which, either 
wholly or partially, prevent pumps from working. 

In practice the bottom clack has a little more lift 
than the others to insure a good supply of water ; but 
notwithstanding this arrangement some pumps do 
not work efficiently. Tho want of efficiency may arise 
from several causes. Sometimes the feed-pipe gets 
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partially made up with dirt, waste, and lime ; the lime 
is the result of blowing the steam back through the 
feed-pipe to the tender. These obstructives prevent 
the pump from filling properly with water, in time for 
the plunger to force it into the delivery-pipe, when 
entering the barrel. Sometimes the bottom clack fails 
to work properly by not closing promptly, allowing 
some water to return past it towards the tender. To 
prevent this reverse movement ball- valves are generally 
employed. Sometimes, with a tight gland, the barrel is 
charged with air, which is separated from the water by 
the churning action of the ram, and air being, unlike 
water, compressible, it is not forced into the boiler, but 
remains in the pump, its pressure being sufficient to 
prevent the bottom clack from acting. Sometimes the 
water-way into the boiler is nearly closed up, and 
therefore cannot pass the water as fast as the pump 
delivers it, when the top-clack joint is broken.* 

Pneumatics. 

The Science of the Air. — It was discovered by Torri- 
celli, in the seventeenth century, that air was a material 
substance, having weight, elasticity, and compressibility. 
The weight of the atmosphere is found to be equal to 
a pressure of about 15 lbs. per square inch of surface. 
Suppose a vessel capable of resisting a pressure of 15 lbs. 
per square inch only, with both ends made up, and the 
whole perfectly air-tight; on extracting the air from 
the interior by means of an air-pump, the vessel would 
collapse, for the external atmospheric air would make it 

* The object of the holes in the feed-pipes is to let out the air : this 
takes the knock off the pump. 
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as fiat as a pancake. There is nothing like fixing tta 
fact in the mind that air is a real body, and, although 
we cannot grasp it by stretching out the hand, yet 
there are many little incidents which occur about a loco- 
motive, proving that it ia a substance just as much as 
water is, or a piece of iron. Let us take the presence 
of air in the pump for one illustration, and almost every 
fireman is sufficiently informed, superficially, to know 
that the pump will not act when the feed-water is put 
on until the pet-cock is opened. 

Why it would not act is not quite so clear to him 
until he has learned pneumatics, and satisfied himself 
that air is a real substance, and that, while it occupies 
the space in the pump, water could not enter. Two 
bodies cannot occupy the same space. 

But how comes it that, when the pet-pipe is opened, 
the air rushes out very cold sometimes, colder than the 
water in the tender, colder than the pump or the ram, 
and colder than the atmospheric air through which the 
engine is runuingP To illustrate the pressure of the 
air, we cannot find anything better than a mud-hole in 
the bottom of the outside fire-box or shell. When a 
plug ia withdrawn, with the regulator tight or shut, 
the water refuses to leave the boiler ; sometimes it will 
run for a few seconds, and then stop entirely. 

This interesting phenomenon is caused by the pres- 
sure of the atmosphere on the surface of the water at 
the mud-hole, which is more than sufficient to halunco 
the weight of water around and above the mud-hole. 

As soon aa the regulator or the whistle is opener 
making a communication with the external 
sphere, the air rushes into the boiler, and balances by il 
pressure on the surface of the water the external pre 
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sure at the mud-hole; when the water, under hydro- 
static pressure, at once rushes out at the mud-hole. 
Once more: when the steam in a locomotive boiler, 
with a tight regulator and whistle, is dropped — con- 
verted again to water — there is a vacuum formed above 
the water, that is, a space with nothing in it ; and if 
the feed-pipes are opened the water from the tender 
will actually run into the boiler and fill it. This is 
caused by the atmospheric pressure of 15 lbs. per square 
inch acting on the surface of the water in the tender, 
against the non-resisting vacuum in the boiler. The 
axiom that " Nature abhors a vacuum " is here fully 
illustrated. 

The elasticity of air is proved by its rushing out of 
the pet-pipe, or by its rushing into the boiler when the 
regulator is open. 

Again, when a boiler has been filled up with water, and 
the regulator and the whistle have been closed, if the 
whistle be opened shortly after the fire is lighted in the 
fire-box, the air, hitherto confined, rushes out, and, if 
the pressure be sufficient, sounds the whistle. That it 
is not steam may be proved by placing the hand near 
it ; it will be sometimes very cold, although the chill is 
off the water. How is this? When the boiler is 
partly full of cold water, and the regulator, &c, shut 
tight, the heat that is communicated to the water is 
partly transmitted to and raises the temperature of the 
air, at the same time that the water, by its expansion, 
compresses the air into a smaller volume. The result is 
that the pressure of the air is raised above atmospheric 
pressure. This is a proof of the compressibility as well 
as the elasticity of air. Or it may be proved thus : 
Shut the regulator of an empty boiler full of air, 
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and run water into it through the feed-pipe. The air 
will be compressed until it balances the pressure of 
the water in the main, if filled from the waterworks, 
and the exact pressure may be found on the pressure- 
gauge. Again, if we place one finger on the upper 
end of a gauge-glass to make it air-tight, and then dip 
the open end into water, the level of the water in the 
glass will be slightly higher than that outside of it, 
which proves that the air in the glass is compressed. 



CHAPTER HI. 

PRINCIPLES OF COMBUSTION. 

Goal contains carbon, hydrogen, nitrogen, and oxygen 
in about the following proportions : — 

751 per cent, of Carbon 

4j „ Hydrogen 

16 „ Nitrogen 

H „ Oxygen 

The percentage of each element varies with different, 
coals. The proportion of carbon, which is the chief 
source of heating power, is subject to the greatest ex- 
tent of variation. The more carbon there is, the more 
water will be evaporated per pound of coal. Combustion 
is a chemical combination, resulting in heat and light, 
and when coal burns in the fire-box of a locomotive 
engine, this chemical combination is sustained by means 
of oxygen (the supporting element of atmospheric air) 
introduced into the box in proportion to the amount of 
fuel the box contains. The admission of too much air 
or oxygen does injury, by cooling the plates of the fire- 
box and reducing the temperature of the water in the 
boiler. By a want of sufficient air, on the contrary, 
the combustible gases are not all ignited — they escape 
wasted from the chimney. In some cases they take fire 
w* coming in contact with the atmosphere at the top 

v 
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of the chimney — a fact -which may be seen i 
way train passes on a dark night. 

Perfect combustion is attended by intense heat, and 
is only effected in the engine by practice and close 
observation. It is controlled by the most simple laws, 
which, when recognised, are capable of not only annihi- 
lating a clinker, but, as is well known, burning and 
melting the fire-bara. 

Combustion cannot take place without tho assist- 
ance of oxygen. By excluding this agent of nature 
a fire can be put out. Oxygen is then clearly ne- 
cessary, and it governs combustion entirely. It ib 
capable of being controlled, both in quantity and in 
the direction of its action, and by paying strict at- 
tention to the condition on which its action is de- 
pendent, an engineman can safely work his engine 
fire without being afraid of running short of steam. 
Let us assume, for a moment, that we are looking into 
a locomotive fire-box at a smouldering fire without 
a gleam of h'g'hi about it — all smoke. The gasea 
that are escaping are hydrogen, hydruret of carbon, 
bihydrurel of carbon, bicarburetted hydrogen, carbonic 
oxide, and carbon vapour, which are all inflammables, 
capable of generating intense heat ; but their calo- 
rific value is lost, owing to the supporters of combus- 
tion — oxygen and atmospheric air — being stinted in 
supply. 

We will now suppose that a better supply of air is 
introduced below and above the fire. So soon as the 
oxygen comes in contact with tho incandescent fuel 
they combine, and the gases instantly take fire. The 
inflammables are changed, and the fire-box above the 
firo presents quite a cheering appearance, owing to the 



COMBUSTION. 179 

combustion being perfect, producing nitrogen, carbonic 

acid, sulphurous acid, and aqueous vapour. The more 

the oxygen, within proper limits, the greater the heat, 

the whiter the fire. The quantity of atmospheric air 

absolutely necessary for the combustion of a pound of 

fuel is 13J lbs., but in practice twice this amount is 

required to be admitted to the fire-box to support 

perfect combustion, owing to the blast drawing the air 

through the tubes before it can render the best service 

in the furnace. 

To consume the smoke in a locomotive fire-box — and 
it can be consumed — requires a fire not too deep for 
tihe load or the blast. It is a great mistake to burn 
tihe carbonic oxide in the tubes instead of on the grate, 
"which is sometimes done by drivers who work their 
engine with the dampers shut. Having a large area of 
grate, they place a large fire on it, which enables them 
t;o get plenty of steam — with closed dampers; but the 
consequence is that the tubes frequently require sweep- 
ing out. If he opened the front damper, the carbonic 
oxide would be burned over the grate, and the tubes 
"would be maintained perfectly clear of carbon or soot. 
If we analyse the contents of some chimney-ends we 
find the steam-pipes, the blast-pipe, and the walls of the 
smoke-box deeply coated with carbon that has escaped 
through the tubes — the result of imperfect combustion 
in the box, where every particle of smoke should be 
divested of vapoury gas which adheres to the tube-ends, 
and coats the interior of the tubes until the poor engine 
is absolutely choked. There is, without doubt, great 
need for inspectors to go round to farmyards, where 
threshing and traction engines are employed, to in- 
Btruct the enginemen how to burn their engine smoke* 
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It is iinnrrfiwrr to paint oat that what is deemed 
bat to do on a locomotive to born the smoke, is 
rr raped applicable to portable and traction- 



CHAPTER IV. 

STEAM AND THE PRINCIPLE OP ITS EXPANSION. 

Steam proper is wholly invisible, and therefore cannot 
be seen above the water in the gauge-glass ; it is also 
elastic and dry, but as soon as it comes in contact with 
the atmosphere it loses those properties and becomes 
vapour, and is visible and moist. 

The pressure of steam is measured by atmospheres. 
Steam of 15 lbs. per square inch is steam of one atmo- 
sphere. Its pressure, and consequently its elasticity, 
is, in a locomotive boiler, sometimes increased to up- 
wards of 9 atmospheres, or 140 lbs. per square inch, 
effective pressure. The repulsive power of steam may 
be compared to that of a compressed vertical spring, 
ready to expand on the resistance being withdrawn, 
wholly or partially. High-pressure steam, on enter- 
ing the cylinder of an engine, is opposed by the cylin- 
der-cover and the piston. On the former, the pres- 
sure of the steam makes no impression. But upon 
the latter, whose resistance is only equal to the friction 
of the engine and vehicles attached to it, and also the 
resistance of the atmosphere, the pressure of the steam 
acts as a motive power, overcoming those resistances. 
When the steam-pressure applied to the piston materi- 
allv exceeds the amount of the resistances, the redundant 
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pressure goes to increase the speed of the engine, and 
so long as the pressure of the steam is greater than the 
counteracting friction of the engine and vehicles, the 
motion of the train must be accelerated or increased 
But, beside the friction of axles, &c, a train in motion 
is opposed by the atmosphere, and as the speed increases 
the resistance of the atmosphere also increases, in the 
ratio of the square of the speed ; that is, for example, 
if the speed is doubled, the resistance of the atmosphere 
is increased four times, since a greater volume of air is 
to be cut and run through in less time. When the work 
of friction and resistance is exactly equal to the power 
applied to the piston in the cylinder, the engine and 
train attain a uniform motion, which is called the 
greatest or maximum speed. 

The expansive working of steam is effected in the 
following manner. The steam is not allowed to follow 
the piston for the whole length of the stroke. The 
supply from the boiler to the cylinder is, on the con- 
trary, cut off by means of the valve-gear, when the 
piston has only travelled a portion of the stroke ; and 
the steam thus shut into the cylinder expands like a 
compressed steel spring against the piston for the re- 
mainder of the stroke. The pressure of the steam is 
reduced nearly in proportion as it expands in volume. 
For the purpose of calculating power and work done, it 
may be assumed that the pressure is reduced just as the 
volume is increased. 

Let a steam-cylinder, 18 inches in diameter, and 
having a stroke of 24 inches, be represented by the 
annexed diagram. 

Let the steam be admitted to the cylinder during a 
rth of the stroke, at the pressure in the boiler o£ 
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say, 105 lbs. effective pressure per square inch, or, 
adding the pressure of the atmosphere, 120 lbs. total 
pressure per square inch ; and let the steam, after 
haying been expanded until the piston has described 
three-fourths of the stroke, be exhausted into the 
atmosphere. The whole pressure in the boiler, 120 lbs., 
is marked in the figure, as following up the piston for 
6 inches of the stroke, when it is cut off, and the total 
pressure is reduced at the end of the 7th inch, inversely 
in the proportion of 6 to 7 (120 lbs. x * =) 102-85 lbs. 
per square inch. The pressures at the ends of succes- 
sive inches of the stroke are calculated in the same 
way, until, when 12 inches of the stroke are completed 
and the volume is doubled, the pressure falls to half 
the initial pressure, or to (120 lbs. xA=) 60 lbs. per 
square inch. When the piston has completed 18 
inches of the stroke, or f ths, the valve opens the port 
to the exhaust, and the expanded steam, reduced to 
(120 lbs- X A =) 40 lbs. total pressure, or 25 lbs. 
effective pressure, leaves the cylinder. 

A second column of pressures is added on the 
diagram, showing the net or effective pressures above 
the atmospheric pressure, which is taken at 15 lbs. per 
square inch. 

From these data, it is seen that the average total 
pressure during the 18 inches of the stroke is ap- 
proximately 81*8 lbs. per square inch, and that the 
average effective pressure is 66*8 lbs. per square 

inch. 

The influence of the clearance at each end of the 
cylinder, on the variation of the pressure, has not here 
been taken into account. The greater the volume of 
clearance, the less rapidly does the pressure fall. 
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Calculation of the Effective Average Pressure. — In 
practice, though the exhaust is opened to the steam 
before the piston has completed the stroke, the pressure 
during the remainder of the stroke is not instantly 
reduced to atmospheric pressure. On the contrary, the 
pressure falls so slowly that at working speeds the 
reduction of pressure to the end of the stroke may be 
assumed to be simply that due to the enlargement of 
volume. It was seen even in the indicator-diagram 
(page 134), taken at a very slow speed, that the fall of 
pressure from the opening of the exhaust at d, did not 
reduce the pressure to atmospheric pressure until the 
piston reached the end of the stroke. At ordinary 
working speeds the curve of exhaust would nearly 
follow the regular expansion line, d e. It may there- 
fore be assumed, for the sake of simplicity, that the 
steam is regularly expanded to the end of the stroke. 
Again, the back pressure, partly of exhaust and partly 
of compression, is to be deducted from the positive 
pressure to give the effective average pressure on the 
piston. The following formula is given by Mr. D. K. 
Clark* for the average effective pressure in the 
cylinder : — 

, , x P U (1 + hyp. log. R') - c] 
(P-P) = L V l * l --P* 

in which p and p' are the average positive pressure and 
the average back pressure, in lbs. per square inch, on 
the piston, including atmospheric pressure, and (p — p') 
is the average effective pressure ; P is the total initial 
pressure; t is the period of admission plus the 
clearance ; c is the clearance measured in parts of the 

• "Manual of Rules, Tables, and Data," p. 830. 



CHAPTER V. 

PRINCIPLE OF THE SAFETY-VALVE LEVER. 

If the distance between p and f is five times the dis- 
tance between f and w, a mechanical advantage is 
gained, because a small weight is made to balance a 
large one ; for instance, 1 lb. weight at p will balance 
5 lbs. at w, or 4 lbs. at p will balance 20 at w. 

In the safety-valve lever, the weight is between the 
fulcrum and the power, thus — 

^— ; *~~B 

Observe, it is the distance from the power to the 
fulcrum, f, divided by the distance of the weight from 
the fulcrum, that gives the leverage or mechanical 
advantage. Thus, if p and f are 17J inches apart, and 

_p Fig. 13. W y 

s - 

w and f are 3 J inches apart, then 17J* -f- 3 \ = 5, 
the leverage. And 1 lb. weight at p will balance a 
weight of 5 times 1, or 5 lbs., at w. 

The weight, or rather the power, on the end of the 
safety-valve lever of a locomotive engine, is generally 
applied through the elastic action of a helical spring 
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properly graduated to indicate any required intervals 
of pressure. The power on the end of the lever, as just 
explained, is multiplied in the ratio of the leverage, 
which immediately results from the principle of equality 
of moments. 

Different engine-makers choose different lengths of 
lever, but the area of the valve on the steam side must 
coincide with the number which expresses the leverage, 
to indicate on the balance so much per square inch. 

Thus— 

Safety-valve . 2} inch diameter = 5 square inches area nearly. 

Distance from fulcrum to valve . 3i inches ) ■. M „ - 
Lever 17* „ / levera S e e - 

A weight placed on the end of the lever would have an 
advantage of 5 on the valve, and therefore would act 
as if the valve, though actually of 5 square inches area, 
were reduced to 1 square inch area; the virtue of 
which coincidence is that when steam is just blowing 
off, the balance indicates the pressure in the boiler per 
square inch. 
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CERTIFICATES FOR DRIVERS AND 
FIREMEN. 



CHAPTER I. 

CERTIFICATES FOR LOCOMOTIVE DRIVERS. 

The proposal to establish a system of certificates foi 
locomotive drivers has been ventilated in the columns 
of The Engineer, and their universal adoption has been 
strongly recommended by the editor. 

Eijginemen would not only be improved by certifi- 
cates, exciting a just and honest pride, but certificates 
would, as symbols of service and of competency, give 
much satisfaction. 

TJw Engineer is of opinion that, " In the first place, 
u<_ Tliili_i.it es would enable locomotive superintendents to 
form an excellent opinion, as to the capacity, which is a 
different thing from the capabilities, of a man present- 
ing himself for a berth ; and in the second place, they 
would tend to elevate the position of, on the whole, an 
honest, trustworthy, and hardworking body of men. 
Certificates would supply the men with a stimulus to 
exertion ; lor they would enable the best men to come 
to the front and take the position which they desired ; 
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and the elevation of the type could scarcely fail to 
prove serviceable not only to the public but to rail- 
way companies." 

The author is of opinion that every driver, before he 
is permitted to take charge of the regulator, should 
serve as a fireman on goods and passenger trains not 
less than 150,000 miles, after which he may offer to 
pass an examination, and obtain, if possible, a third- 
class certificate, and hold himself in readiness for an 
engine. This certificate might read as follows : — 
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Third-class Locomotive Driver's Certificate. 



" This is to certify that J. Stubbs has served as a fire- 
man on goods and passenger engines 150,000 miles or 
upwards, that he has passed a third-class examination, 
and is a competent person to take charge of a locomotive 
engine working goods trains." 

The subjects on which examination should be made, 
to obtain this certificate, should embrace reading, 
writing, signals, examination of engines before joining 
the trains, firing, trimming of syphons, oiling, testing 
of valves and pistons, and the various modes of un- 
coupling engines when they fail with a train. After 
having run 100,000 miles as a driver, and gained 
confidence and experience, a third-class engineman 
should be at liberty to apply for a second-class certifi- 
cate, which might read thus : — 

" Second-class Locomotive Driver's Certificate. 

" This is to certify that N". Forster has served as a 
driver 100,000 miles on goods and passenger trains, 
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that he has passed a second-class examination, and is a 
competent person to take charge of a locomotive engine 
working passenger trains." 

The subjects to be questioned upon for this certifi- 
cate might be printed on a form, so that they could be 
obtained at any time ; and they should embrace the 
iiteam- engine and boiler described generally, combus- 
tion considered practically, steam, and the principle 
of its expansion. After having run with this certificate 
50,000 miles, a driver might be entitled to apply for 
a first-class certificate, which might read : — 



" First- class Locomotive Engineer's Certificate. 



" This is to cortify that E. Sparrow has served as a 
driver 150,000 miles, that he has passed a third-class, 
second-class, and first-class examination, and 
petent driver to take charge of a locomotive engine 
working express trains." 

The subjects to be questioned on to obtain this 
certificate should be printed on forms and marked, 
"Subject 1," "Subject 2," &c., &c, which should 
embrace — 1st, diagram of the applicant's engine- 
running; 2nd, drawing of elementary forms; 3rd, 
working drawing, with dimensions of any part of a 
locomotive engine ; 4th, arithmetic, decimals, mensura- 
tion of superficies and solids; 5th, natural science, 
mechanics to explain the safety-valve lever, hydraulics 
to explain the pump, hydrostatics to explain the water 
in the gauge-glass, pneumatics to explain the pet-cock ; 
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6th, chemistry, caloric to explain heat and expansion, 
oxygen to explain combustion, composition of coal to 
jjive the percentage of carbon, hydrogen, oxygen, nitro- 
gen, sulphur, and ash, composition of water to give the 
^percentage of oxygen and hydrogen. 

The subjects above specified embrace nearly all that a 
locomotive driver need be expected to know to obtain 
« certificate ; and, as the author is of opinion that the 
iime is at hand when such tokens of capacity will be in 
"vogue everywhere, he has noticed each subject, and 
given some examples in arithmetic, &c, &c, with rules 
ior the benefit of those whose early education was nil, 
~but who are ambitious to reach a locomotive driver's 
certificate. 

Some such evidence should be produced by every 
locomotive foreman. The foremen should also hold cer- 
tificates of competency as well as the men. 



CHAPTER II. 

SUBJECTS OP EXAMINATION FOR CERTIFICATES. 

Proposition I. 

Conditions on which a Third-class Certificate might 
issued, and the Mode of Examination. 

Reading. — To read the rules applicable to drivers 
and firemen. 

Writing. — To write 12 rules from the Section : 
"Engine Drivers and Firemen." 

Signals. — To describe the use and observance of 
signals: — 

Semaphores \ 
Flags > Day. 

Personal \ 

Lamps (Ughts) ) «.. , 
Percussion ) ° 
Engines. — To describe generally the locomotive en- 

gine 

with inside cylinders, 

outside cylinders, 

double frame, 

„ single „ 

To state the difference in the construction of th 

driving-axle when inside or outside cylinders are em — 

ployed. 

To describe the link-motion, and the position of 

the eccentrics in relation to their respective cranks. 
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To give an explanation of lap and lead, and to point 
^rat their advantages. 

To describe the means used for preventing a piston 
^rfrom leaking or a valve from blowing. 

To state in what position the big and little ends must 
Tbe placed to test the tightness of both pistons and 
""valves, without having to move the engine. 

To give some reasons for examining an engine both 
<^>ver and off the pit. How should such inspection be 
"performed? Give the method to ensure its being 
^Lone efficiently. 

To explain generally the nature of the material 
~nsed in forming the barrel and fire-box shell and fire- 
T)ox. 

To mention the reasons which induce engine-builders 
i*> strengthen the top of the inside fire-box, and to con- 
nect it with the outside shell. 

To explain the use of the lead-plug. 
To give a description of the foundation-ring, mouth- 
piece, and the method adopted to connect the barrel 
of the boiler to the front tube-plate, and how the latter 
is formed to receive the smoke-box. 

To explain the method of securing the tubes in the 
tube- plate. What are tubes made of generally ? 

To explain the arrangements for carrying the boiler 
on the frame. How is the expansion of the boiler pro- 
vided for P 

To explain the effects of expansion and contraction 
on the boiler generally. 

To observe that whatever is done again and again 
with certainty must be done upon some principle. If 
it is not, it cannot be repeated. 

To describe the principle advocated in this volume 
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for examination of engines oyer and > 
joining the train. 

To explain why an engine should be notched up witl 
the steam on. 

To explain wire-drawing as applied to steam. 
To explain how water ia economized in working the 
regulator and reversing-lever. 

To explain why it is necessary to know the numher 
of vehicles in the train before starting. 
Why is 140 lbs. steam better than 120 lbs. steam P 
To explain, if possible, why the pressure of the slide- 
block is constant in one direction instead of pressing 
first against the top slide-bar and then against the 
bottom one, as the crank moves from tbo top to the 
bottom centre. 

Trimming. — To explain capillary attraction and to 
show how a film of oil is capable of preventing two 
bodies from coming in contact with each other. 

To state the principal causes that operate in getting 
au axle hot, viz. — 

A brass may fit too tight end-ways. 

,, ,, have no groove in the crown. 
„ „ have too much bearing. 
An axle may be irritated by the keep binding against 
it underneath. 

The principle of capillary attraction may be nul- 
lified— 

By the cotton or worsted being too thick, 
„ „ „ damp. 

„ „ „ dirty. 

„ oil being too thick. 
„ ,. ,, wet. 

» .i <• dirty. 



CERTIFICATES. 197 

To go through the operation of making plug- 
trimming, and to give an opinion as to what should 
be fitted with it and what with tail-trimming. How 
long should a trimming be allowed to work before 
being renewed ? 

Oiling. — To point out that the operation of oiling, 
to be safe and perfect, must be done systematically. 

To understand that 4 drops of oil per minute will 
keep a big-end cool. 

To observe that a tight syphon button or cork, which 
excludes air, will cause the oil to stop in the syphon- 
cup by virtue of unbalanced atmospheric pressure. 

To make a note that most oils contain glutinous 
matter — sometimes dissolved india-rubber — and that 
the action of syphoning in process of time chokes 
the tubes of the cotton or worsted with refuse inatter. 

Firing. — To describe the general construction of 
the fire-grate and the use of the brick arch. 

To point out the advantages to be obtained by 
using broken bricks, sand, or chalk on the fire-bars 
before making up the fire. 

To explain how a fire requires to be made to be in 
accordance with the method set forth in this work. 

To point out the importance of firing round the 
box and placing the fuel against the heating surface. 

To show the defects of a fire made and maintained 
in the centre of the grate. 

To state the particular mode of firing essential to 
support a high pressure of steam. How many shovel- 
fuls is enough at one firing ? 

To explain why a fire will not clinker in the centre 
when allowed to feed itself from the fuel when put 
on the sides or against the walls of the box. 
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To state where to fire and how to give the maxi- 
mum quantity of coal in shovelfuls that should be put 
on at one firing. 

Locomotive Ailments. — To describe what provisions 
are necessary to be able to surmount any slight 
break-down — spanners, packing, &c. — and the quickest 
way to dismember an engine. 

To observe that one of the best precautions againsU 
ailments is to keep everything well cottered up, 
the total exclusion of knock. 

To describe how to pack up a broken spring. 

To state why the bottom centre is the best positio 
in which an engine should be placed to uncouple. 

To give a description of various modes of un- 
coupling, of blocking the piston against the bac 
cylinder-cover, closing the ports with the valve, or 
pulling the valve back like the piston. 

To state what must be done in the case of th» 
regulator losing all control over the steam to th* 
cylinders. 

Proposition II. 

Conditions on which a Second-class Certificate might be 
granted, and the Subjects of Examination. 



A candidate for this certificate should, in addition 
the possession of the qualifications required for a third — 
class engineer, have run the stipulated number of mile^ 
as a goods and passenger driver. 

The examination for this certificate might be partly*" 
vivd voce and partly by examination papers. 

The candidate should possess some knowledge of the? 
tive from the time of Stephenson, and also give 
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a general description of one or two engines on which 
he has been employed. 

He should be able to describe, in keeping with hi& 
personal experience, some modern improvements intro- 
duced into locomotive practice. 

He should be able to state the general advantages of 
cushioning, clearance, lap, and lead. 

He should be able to give a general explanation of 
the methods adopted for regulating and maintaining in 
efficiency such advantageous elements as lap and lead. 
How is the lead and lap diminished, and what effect 
does it produce as compared with an engine having 
its due amount of lead and lead intact ? 

He should be able to state the general principle of 
combustion. What is oxygen ? 

How is the combustion of coal in a locomotive fire- 
box rendered completely successful P What is carbon P 

He should be able to give an opinion as to the value 
of different kinds of coal which have come under his 
notice, and distinguish them as bituminous, slightly 
bituminous, non-bituminous or anthracite, and prepared 
to give some idea of the value of each for making steam 
economically. 

He should be able to calculate the result of certain 
tests with a view to form a correct opinion as to which 
was good coal, by registering the weight of water 
evaporated by each pound of coal. 

He should be able to explain that steam, as a gas, is 
subject to the common laws of gaseous fluids. 

He should be conversant with the expansive working 
of steam in the cylinder. 

He should be able to show the pressure of steam in 
the cylinder at any part of the stroke when worked 
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expansively, and also give the approximate and effective 
pressure. 

Proposition III. 

Conditions on which a First-class Certificate might be 
granted, and the Subjects of Examination. 

A candidate for this certificate should, in addition to 
the conditions required for a third and second class 
engineer, have run the stipulated number of miles as a 
goods and passenger driver. 

He should be in a position to give satisfactory proof 
of his capacity by giving a complete answer to each of 
the questions proposed on page 192. 

This certificate might be granted by examination, 
partly viiA voce and partly by examination paper. 

Rank and Uniform. 

It is proposed by the author that engine-drivers in 
possession of certificates shall be called "engineers," 
for they are, with such a symbol of capacity at their 
command, as much entitled to such rank as engineers 
at sea. 

It is further proposed that a suitable uniform be 
designed to distinguish the grade of " engineers." The 
advantage of this change would be to elevate the position 
of a body of men whose influence on the safe working 
of all railways is no small factor in the public con- 
fidence. 

With such symbols of competency there would cer- 
tainly he universal expressions of pleasure and satis- 
faction. 



PAET IV. 



EXAMINATION MATTER. 



ARITHMETIC. 

UNIFICATION OP SIGNS USED IN CALCULATION. 





signifies Equality 


as 3 added to 2 = 5 


+ 


»» 


Addition 


„ 4 + 2 =6 


— 


>» 


Subtraction 


„ 7 - 2 =5 


X 


»* 


Multiplication 


„ 6 X 2 =12 


• 
• 


w 


Division 


„ 12 -f. 2 =6 


• • • • 

• • • • 


»> 


Proportion 


„ 2 is to 3 as 4 is to 6 


V 


»> 


Square root 


„ V16 - * 


V 


>» 


Cube root 


„ VW = 4 


3* 


»» 


3 is to be squared 


„ 3* =9 


8» 


*> 


3 is to be cubed 


„ 33 = 27 


r+~6X4 


n 


that 2 and 5 = 7, and four times 7 = 28 



^52 — 3 2 = 4. This reads, 3 squared taken from 5 

squared, and the square root extracted = 4 

V10 X 6 
16 =z *'^» rea< * 8 10 multiplied by 6 and divided 
by 15 ; the cube root of the quotient • • = 1*687 
xnph signifies miles per hour. 

An engine-driver should understand Simple Propor- 
tion, Decimals, &c, &c. 

SIMPLE PROPORTION. 

WTien we have three numbers given, this rule teaches 
how to find a fourth number, which may have the same 
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proportion to the third number that the second has to 
die first. 

Thus, if the three giren numbers be 3, 9, 4, it is 
required to find a fourth number which will have the 
same proportion to 4 that 9 has to 3 ; now the 9 is 3 
times the 3, therefore the required number must be 3 
times the 4, that is 12. 

To express proportions the numbers are put down 
thus 3 : 9 : : 4 : 12, and reads thus 3isto9as4isto 
12. 

Rule with Example. — Place them thus' 3 : 9 : : 4 
and multiply the second and third numbers 4 

together, and divide by the first 3) 36 

12Ans. 



To 3. 6. 12 find a fourth proportional. Answer, 24. 

„ o. 1.. 4 ff „ ,, o. 

„ 10. 150. 68 „ „ „ 1020. 

„ 68. 1020. 10 „ „ „ 160. 

If 4 lbs. of tallow cost 20 pence, what will 16 lbs. 
cost? 

Rule with Example. — In this question there are 
two things mentioned, tallow and money ; the answer 
required is the price, money, 

Put down the money — 20 pence — for the third term. 
This is always so, that is, the third term is of the same 
kind as the answer required, and is worth remembering. 
If the answer is to be greater than the third term the 
greater is placed second, and if it is to be less it is 
""laced first and the less of course second. The question 
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before us requires an answer greater than the third 
term, and is worked out thus — 

4 lbs. : 16 lbs. ;: 20 pence 
20 



4} 320 



80 pence = 6s. 8d. Ans. 



If 6s. 8d. will purchase 16 lbs. of tallowy how many 
pounds will Is. 8d. buy ? Here the answer is to be less 
than the third term, and it is pounds of tallow and not 
money ; therefore observe, 



noe. penoe. 

80 : 20 ; 

16 


lbs. 

'• 16 


120 
20 




80) 320 




4 lbs. 


Ans. 



If a locomotive engine takes 150 minutes to perform 
100 miles, what is the speed or miles per hour? 

Note. — The answer is miles, and there are 60 minutes 
in an hour ; then — 



Kin. Min. Miles. 

150 : 60 :: 100 

100 



150)6000 



40 miles per hour. 



At 40 miles per hour, what mile-post will an engine 
reach in 150 minutes P 

Note. — The answer is to be greater than the third 
term. 
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Min. Min. Mile*. 

60 : 160 :; 40 

40 



60)6000 

100 th mile post. 

If the above engine departed from Euston Station 
at 12 o'clock, what will be the exact time on its pass- 
ing the 75th mile-post, speed 40 miles per hour P 

Miles. Miles. Min. 

ioo : 75 :: 150 

150 



3750 
75 



100) 11250 (112*5 = 1 hour 52J min., or 
100 7} min. to 2 o'clock. 

125 
100 



250 
200 

500 
500 



DECIMALS. 

By decimals are meant tenths. Decimal arithmetic 
is the simplest possible method of working calculations, 
and a few examples are sufficient to enable any driver 
or fireman to become, for the remainder of his term, a 
decimal arithmetician. 

It is worthy of special attention that, in decimals, 
the dot performs a very important part: separating 
integers from cyphers, or the fractional parts from a 
whole. Decimals, contrary to vulgar fractions, are 
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written in one line like integers ; and they are, in all 
respects, worked out in a plane-sailing way. 

Decimals fractionals are written thus, . . . -25 : -5 : -75 : 
Their equivalents in vulgar fractions are written J J J 

The value of a decimal is altered by placing ciphers 
to the left, but not by placing ciphers to the right. 

Thus *05 = -dhr ; and, by placing a cipher to the left, 
the decimal becomes '005, or -nftro, which is ten times 
less than t£?. 

ADDITION OF DECIMALS. 

Add 4-15 ; -002 ; -3 :— 

4-15 
•002 
•3 



4*452 
Observe the position of the dot. 

SUBTRACTION OF DECIMALS. 

Rule. — If the number of decimal places be not the 
same in all the fractions, annex so many ciphers to the 
right hand as will render it so. We do not alter the 
value of the fractions so supplied, but they are reduced 
to the same denominator. 

Subtract 106125 from 1255. 

125-500 
106125 



19-375 Ana. 19} 



MULTIPLICATION OF DECIMALS. 

Rule. — Arrange the numbers as if they were in- 
tegers. 
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Multiply 14874 by 2-67. 

148*74 ) Observe 4 decimal 
2*67 J figures used. 

104118 
89244 
29748 



39M358 (Four decimals cut off.) 

Note. — Count the number of decimals in both the 
multiplicand and the multiplier, and point off as many 
figures from the right hand of the product. 

Multiply -02 by -045. 

•02 
•045 



•00090 



In counting the number of decimals in the multipli- 
cand and multiplier to point off in the product, if there 
are not sufficient figures in the product, place ciphers to 
the left, and prefix the dot as above. 

DIVISION OF DECIMALS. 

Rule. — Divide as in whole numbers, and mark off 
in the quotient as many decimal places as the dividend 
has more than the divisor. 

Divide 72-125 by 625. 

Dvsr. Dividnd. Qnot. 

6-25)72-1250(ll-54 
62 5 



9 62 
6 25 


3 375 
3 125 


2500 
2500 

.... 



The cipher in the dividend is brought in and shown 
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above as making the number of decimals in the 
dividend equal to the number in the divisor and quo- 
tient together. 

REDUCTION. 

To reduce a Vulgar Fraction to a Decimal. 

Rule. — Divide the numerator by the denominator, 
annexing as many ciphers to the numerator as may be 
necessary. Point off as many decimal places in the quo- 
tient as there are ciphers annexed to the numerator. 

Reduce i to a decimal. 

4)100 Observe 2 ciphers added. 
•25 A TiB- „ 2 decimals cut off. 

Reduce f to a decimal. 

4)300 



•75 Ans. 

Reduce J to a decimal. 

8)7665 
•875 

The annexed table, of decimal equivalents of the 
fractional parts of an inch, is calculated as above. 

Vulgar Exaction. Decimal Equivalent. Vulgar Fraction. Decimal Equivalent. 

A '03125 JA '53125 

A 0625 $A -5625 

A 09375 J A -59375 

i -125 f -625 

J A '15625 §A -65625 

A -1875 f A -6875 

±A -21875 §A '71875 

•25 | -75 

irA -28125 §A -7812 

: A -3125 i-A '8125 

: A -34375 ; A -84375 

375 \ -875 

A -40625 A -90625 

A *4375 | A -9375 

A -46875 | A -96875* 

•5 1 1-000 

* Beads — Decimal nine six eight seven five. 
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To reduce Money, fyc. 

Rule. — Divide by as many of the lower denomina- 
tion as make one of the higher, annexing ciphers at 
will. If there be several denominations, proceed in the 
same manner with each, beginning with the lowest 
denominator. 

Reduce 12*. %\d. to the decimal of a pound sterling. 

(4 farthings = 1 penny 4)100 
(12 pence = 1 shilling 12)8*2568 
(20 shillings = £1 20) 12-68756 

•634375 = decimal value of 12*. S±J. 

To re- value this decimal, multiply it by the various 
fractional denominations of the whole number, cutting 
off from the right hand of each product, for decimals, 
a number of figures equal to the number of decimals 
given, then multiply the remainder by the next lower 
denomination, and proceed until the lowest is reached. 



•634375 
20 


6 decimals. 


12-687500 
12 


6 decimals cut off. 


8-250000 
4 


n t* 


1-000000 


n 09 



Ana. 12*. 8££ 

To find the Value of a Decimal. 

Rule. — Multiply the decimal by the number of the 
next lower denomination which is equal to one of its 
present denomination. Cut off as many places as there 
are places in the multiplicand. 
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Find the value of *75 foot. 



•75 
12 



9*00 Am. 9 inches 



Find the value of -3875 of a £. 

•3875 
20 



7-7500 
12 



9*0000 Aha. 7s. 9<L 



Find the value of *375 ton. 

•375 
20 



7*500 

4 

2-000 Aha. 7 cwt. 2 qn. 



INVOLUTION. 

When a number is multiplied by itself, the product 
is called a power, and the number multiplied is called 
the root. 

Thus 2 X 2=4. Here 4 is the square or second 
power of the root 2. Again, 2x2x2 = 8. Here 
8 is the third power of 2. 

EVOLUTION. 

Evolution is the method of finding the root of a 
number. 

To extract the square root of any given number is to 
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find a number which, when multiplied by itself, will 
produce the given number. 

Extract the square root of 55225. 

Rule with Example. — Divide the given number 
into periods, that is, set a dot over the unit and right- 
hand figure, and then over every alternate figure 
towards the left. Find the square root (2) of the first 
period (5), and place it in the quotient. Subtract the 
square of it (4) from the first period (5), and to the 
remainder annex the next period (52) for a dividend. 
Double 2, the root already found for a divisor, and 
place it (4) to the left of the dividend, looking upon it 
as 40 and not 4. After finding that this divisor (40) 
will go 3 times in the dividend (152), place the figure 
representing the number of times in the quotient, and 
also in the divisor, making the latter 43 ; then multiply 
the 43 by 3, and subtract the product. Bring down 
another period (25). 

In forming the second divisor, 465, double the 
last figure (3) in the first divisor, and look upon it 
as 460. After finding that this divisor (460) will 
go 5 times in the dividend, place the 5 in the quotient 
and divisor, making the latter 465 ; then multiply the 
465 by the 5 just placed in the quotient, and sub- 
tract the product, which leaves nothing ; 235 being 
the answer. 

55225(235 

4 

43)152 
129 

465) 2325 
2325 
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"What is the square root of 177241 P 



177241(421 
16 



82) 172 
164 



841) 841 
841 



EXTRACTION OF THE THIRD OR CUBE ROOT. 

^ To extract the cube root of any given number is to 
^*Xd a number which, when multiplied twice by itself, 
^Xll produce the given number. 

Rule and Example. — Make a dot over every third 
**gure, beginning at the unit or right-hand figure point 
V> the left with whole numbers and towards the right 
*fc decimals. 

What is the cube root of 884736 ? Place the root (9) 
of the first period (884) in the quotient, on the right, 
and its cube (729) under the first period (884). Sub- 
tract, and to the remainder (155) bring down the next 
period of three figures (736). Multiply the square of 
the quotient (9x9 = 81) by 300 for a divisor. Find 
how often it is contained in the dividend, and put the 
number (6) in the quotient. Multiply the divisor (24300) 
by this number (6). Add to the product the amount 
of all the figures in the quotient (9), multiplied by 30 
— except the last (6) — and the product by the square 
of the last. 

To these figures add the cube of the last figure in the 
quotient, and subtract the sum of the whole from the 
dividend : thus, — 
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-nJ/884736 (96 Ana. 
729 

9 X 9 X 300 = 24300)155736* 

W5660- 

145800 = divisor X 6 
9720 = 9 X 30 X 6" 
216 cube of 6 

165736* see figs, in dividend above. 

Another way: — 

What is the cube root of 10648 P 

^10648(22 
8 



2X2X3 = 12)2648- 

Here, after squaring the root of the first period, we 
multiply it by 3 = 12, and, rejecting the units and 
tens, we find the divisor is contained twice in the divi- 
dend, which is put in the quotient, making 22, the cube 
root of 10648. 

Proof 22 

22 

44 
44 

484 square of 22 
22 

968 
968 



10648 cube of 22 



MENSURATION OF SUPERFICIES. 

This teaches how to find the area of any plane figure 
— that is, the surface without any regard to thickness. 
To find the area of a square, multiply the side by 
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itself, a b by b c. For example, the length of each 
side is 12 inches ; then, — 



12 inches. 



B 



i 



12 

12 

144 square inches. 



To find the area of a rectangle, multiply the length 
by the breadth. Required the area of a locomotive fire- 
grate 5 feet 6 inches long and 3 feet 6 inches wide. 



By Decimals. 
5*5 
3*5 

275 
165 



19*25 Ans. 19} square feet 



To find the area of a triangle, multiply the base by 
the perpendicular height, and half the product is the 
area. Required the area of a triangle, of which the base 
is 15*4 inches, and the perpendicular 7*8 inches :— 



15-4 

7-8 

1232 
1078 



2)12012 
60*06 Ans. 60*06 square inches. 
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What is the circumference of a 7 -feet driving- 
wheel P 

Multiply 31416 by 84, or by 7 and by 12 for feet 
and inches. 

81416 

7 



29*9912 feet 
12 



263-8944 inches 



What is the diameter of a driving-wheel of which 
the circumference is 263*8944 inches P 
Multiply the circumference by -31831. 



263-8944 
•31831 

2638944 
79 i6832 
21111562 
2638944 
7916832 

84-000226464 inches. 



The Lady of the Lake, North- Western Railway, has 
192 tubes, each 10 feet 9 inches long, If inches external 
diameter ; required their total heating surface in square 
feet. 



1*875 diameter of each tube. 
8*1416 



11250 
1875 
7500 
1875 
5625 



5-89O5606- drcnm. of each tube in inches. 
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5*8905 

129 length in inches. 



530145 
117810 
58905 



sq. inches in 1 sq. foot 144 ) 7598745 ( 5*2769 sq. feet in each tube 

720 

398 

288 

1107 
. 1008 

994 
864 



1305 
1296 

• • • «7 



5*2769 square feet in each tube. 
192 total number of tubes. 



105538 
474921 
52769 

1013.1648 



Total heating surface of the tubes, 1,013 square feet. 
What is the area of an 18-inch piston-head P 
Multiply the diameter in inches by itself and by # 78«54* 



18 
18 

144 
18 



324 
•7854 



1296 
1620 
2592 
2268 



154,4696 area. Ans. 254 A square inches 



216 
Or 



««:t I *• 



W X IS X -7354 = 2*4-4691 

Ortfrns— 

i3*x-r&»*=25t-469. 

The circumference of a 7-feet dming-wheel being 
3B3~£944 inches*, find the diameter. 

3»LLI*;*63-3&44(S4 

231328 



123«4 



Tib! the area of a exrde whose diameter is 17 inches 



Ax*32&-9$ miuaxe inches. 
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DIAGRAM OF ENGINE-RUNNING. 



1st day 



2nd 



3rd 



w 



4th „ 



6th n 



Name 
of Sta- 
tion. 



6th 



» 



9.0 p.m. 
air. 

dept. 
11.0 aoiL 



dept. 
10.0 a.m. 




11.0 a.m. 
arr. 

dept. 
1.0 p.m. 



12.30 a.m 
air. 

dept. 
5.30 p.m. 



11.15 ajn. 
larr. 



| Phedday 



5.0 p.m. 
dept. 

arr. 
8.0 p.m. 



Name | 

ofSta- Mil*, 
turn. 

= 320 



7.0 a.m. 
dept. 




8.40 p.m. 
dept. 



arr. 
9.15 p.m. 



7.15 a.m. 
dept. 

Total miles 



r> 



>» 



n 



n 



st l«0 



= 160 



= 320 



= 320 



1280 
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Required the coal consumption per mile as pel 
annexed Driver's Monthly Stores Account. 



— 


Goal. Milet 


Truck No. 


lera. 


,-„,. 


■— 


Track No. 


Aug. 1 




rt' 320 


1020 


Aug. 18 


35owt 


150 


1460 


a 2 


M 


, 330 


830 


„ IB 










60 


, 320 


646 


„ 21 








.r 6 




, 180 


1124 


., 22 








., 8 


70 


, 302 


7fi8 


„ 23 








., 10 


40 


„ 195 


250 


„ 25 


50 " 






B 11 


65 


320 


B4 


.. 36 








,. 13 


36 


168 


1014 


» 39 








,. 16 


70 


, 320 


062 


, .. 30 


40 " 






k 17 


65 


180 


652 


» si 















1100 cwta of coal. 



26140 
84200 
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If a locomotive engineman is allowed 14 lbs. per mile 
for his engine, and 1^ lbs. per mile for each vehicle, 
with 18 vehicles and engine, for 50 miles ; required the 
total consumption. 



14 lbs. per mile for Engine. 
50 miles 

700 lbs. of coal for 50 miles, Engine. 



18 X 1J = 27 lbs. per mile for Train. 
50 miles 

1350 lbs. of coal for 50 miles, Train. 



700 Engine. 
1350 Train. 

2050 lbs. of coal for 50 miles, Engine and Train. 



Lbs. 
112)2050- (18- 3035 
112 4 



•930 1-2140 
896 

•340 
336 

••400 
336 



•640 
560 



•80 
Ans. 18} cwt 



If an engine, in a run of 50 miles, consumes 12 cwt. 
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of coal, and evaporates 1,250 gallons of water, required 
the weight of water evaporated per lb. of coal. 
A gallon of water equals 10 lbs. 



1250 gallons of water. 
10 weight of one gallon. 



12600 total weight of water in lbs. 



12 owt. of coaL 
112 lbs. in one cwt of coal, 

24 
12 
12 

1344 lbs. of coal in 12 owt. 



Lbs. Weight 
of of 
Goal. Water. 

1344)12500(9-300 

12096 



..4040 
4032 



800 



Ans. 9 A lbs. of water evaporated by 1 lb. of coal. 

What number of turns will a 7-feet driving-wheel 
make in a mile P 

Bulb. — Divide 1,680 by the diameter. 

7)1680 
240 Ans. 
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What number of turns or revolutions will a 7-feet 
driving;- wheel make per minute, at 40 miles per 
hour 

Rule. — Multiply the speed in miles per hour by 28, 
and divide by the diameter of the driving-wheel. 



40 
28 

320 
80 



7 feet)1120 



160 revolutions per minute. 



Revolutions of Driving-whhbls per Mils. 



Diameter of Wheel. 


Revolutions Mile 


Inches. 




42 


480-4 


43 




469 


46 




439 


48 




420 


60 




403-5 


54 




373-5 


55 




367 


60 




336 


62 




325-4 


63 




320 


66 




306 


72 


* 


280 


78 


■ 


254-6 


81 


• t 


249 


84 


• 


240 



What is the speed of the piston of an engine having 
24 inches of stroke, and 7-feet drivers, at a speed of 40 
miles per hour P 

Rule. — Multiply the speed in miles per hour by 28, 
divide by the diameter of the driving-wheel, and mul- 
tiply the product by 4. 
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40 

28 

80 

7)1120(160 rer. per minute. 

... 4 ft. of piston for 1 rev. of driv. wheel. 

640 ft. speed of piston per minute. 
Or thus— 40 X28-i-7 = 160X4 = 640. 



The speed of a train is 60 
the speed in feet per second ? 

Bole. — Multiply the speed 
thus: — 



60 
22 

120 
120 

15)1320(88 feet per second- Ana. 
120 



-120 
120 



Orthus_™X^ =88feet 

Id 



The cylinders of a locomotive are 17 inches in 
diameter, and 24 inches in stroke; pistons making 150 
strokes per minute, effective mean pressure 100 lbs. per 
square inch. What is the horse-power f 
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17 
17 

119 
17 

289 
•7854 



1156 
1445 
2312 
2023 

226*9806 area of 1 cylinder 
2 



453*9612 „ 2 cylinders 
100 pressure 



45396*1200 

4 ft. — 2 complete strokes 

181584*4800 
150 



90792240000 
1815844800 



.33000)27237672*0000(825'884 
264000 



83767 
66000 

177672 
165000 

126720 
99000 

277200 
264000 

132000 

132000 Ans. 825 horse-power. 



Find the horse-power of a locomotive engine to 
draw a train of 100 tons up an incline of 1 in 80, at 
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the rato of 20 miles per hour, allowing 8 lbs. per ton 
for friction. 

Distance train moves per minute . = 20X5280 = 1760 feet. 

60 
Resistance due to friction . . = 100 X 8 = 800 lbs. 
Work of friction per minute. . = 1760 X 800 = 1408000 ft lbs. 
„ „ „ hour . . = 1760 X 800 X 60 = 84480000 

Rise of incline in a mile . . = — — ^ = 66 feet. 

80 

Work due to gravity in a mile . = 100 X 2240 X 66 = 14790600 

„ „ 20 miles . 14790600 X 20 = 295812000 

Total work of gravity and friction in an hour. 
Gravity 295812000 
Friction 84480000 



380292000 



Horse-power per hour = 33000 X 60 = 1980000 foot pounds. 

1980000)380292000(192 horse-power. 
1980000 



18229200 
17820000 

••4092000 
3960000 

•32000 



To find the Heating Surface of a Fire-box. 

Rule. — Length multiplied by the breadth ; added to 
twice the breadth, multiplied by the height ; added to 
twice the length, multiplied by the height ; from 
which subtract the sectional area of the tubes and the 
inside surface of the fire-hole door. 

What is the heating surface of a fire-box 4 feet 
9 inches high, 4 feet long, and 3 feet 3 inches broad P 
With an oval fire-hole 2 feet by 1. The boiler contains 
ISO tubes, 2 inches in diameter. 
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ft. in. ft. In. ft. in. ft. in. ft. in. ft. in. 

(4 0X3 3 + 2(4 0X4 9) + 2 (3 3X4 9 ) 

aq. ft. eq. ft. aq. ft. in. sq. ft in. 

13 + 36 +30 126 = 79 126 

tq. ft. in. 
1 82 (fire-hole door) \ __ 6 70 



3 132) section area of tubes) 



Heating surface of fire-box .... 74 56 

What is the area of a safety-valve 2£ inches diame- 
ter P 

25 s X '7854 = 4-9 
2-5 
2-5 

125 
50 

625 

•7854 



2500 
3125 
5000 
4375 



4*9 — say 4*9 square inches. 

4-9087 
60 



74-59) 294*5220(3-9485 
223 77 



70752 
67131 



36210 
29836 

63740 
69672 



40680 
37295 

3395 
Ans. Distance from end of lever nearly 4 inches. 

Q 
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Required, the weight to he placed on the end of a 
safety-valve lever 17| inches long, 3J inches from ful- 
crum to valve ; valve 2£ inches diameter, pressure in 
the boiler required 80 lbs. per square inch, weight of 
valve and lever 20J lbs. 

17J -r 3 J = 5, leverage. 

25 
25 

125 
50 

625 

•7854 

2500 
3125 
5000 
4375 



4-908750 area of valve. 
80 pressure. 



392,7oeeee- 

20*25 weight of lever and valve. 
Leverago 6)372*45 
74 -5§ 
Ana. 74} lbs. 

Particulars as in last case : required, the distance 
from the end of the lever to which the weight must be 
moved to effect a pressure of 60 lbs. per square inch. 

What is the leverage of a safety-valve lever 17| 
inches total length, with a distance of 3^ inches from 
fulcrum to valve P 

3*5) 17 -5 (5 leverage 
175 
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ZKequired, the direct weight to be placed on the top 
» safety-valve 2 J inches diameter, to allow steam to 
at 80 lbs. per square inch. 



2-5 a X '7854 = 4-9087 X 80 = 392-700C 


2-5 
2-3 




125 
50 


- 


625 
.7854 




2500 
3125 
. 5000 
4375 




4*908750 
80 




112)392,700000(3*5062 cwts. 
336 4 


•567 
660 


2-0248 qrs. 

4 X 7 = 28 


•700 
672 


•0992 
7 


•280 
224 


6944 lb. 

8 X 2 = 16 


•56 


6-5552 
2 


' 


11-1104 oz. 



Am. 3 cwt. 2 qrs. lbs. 11 ozs., including the weight of valve. 
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The CoNscwnox of Fuel in lbs. per Mile for a 
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number of cwts. consumed in a given distance. 



Q 

a 
■a 

o 
Ph 



3 



70 
70 
70 
75 
75 
75 
75 
75 
75 
80 
80 
80 
80 
80 
80 
85 
85 
85 
85 
85 



74} 

71* 

68 

70 

67* 

64* 

62* 

60 

57* 

59} 

67} 

56 

64* 

52} 

51* 

52} 

51* 

50 
49 
47} 



% 

.a 

■a 



75 

80 
80 
80 
80 
80 
80 
85 
85 
85 
85 
85 
85 
90 
90 
90 
90 
90 






3 



o 

I 



73 

74} 

71* 

69 

66* 

64 

61} 

63* 

61* 

59* 

57} 

56 

54* 

56 

54* 

53 

51* 

50* 



85 
85 
85 
85 
85 
90 
90 
90 
90 
90 
90 
95 
95 
95 
95 
95 






76* 

73* 

70* 

68 

65* 

67* 

65 

63 

61 

59* 

57* 

59 



.a 



90 
90 
90 
95 
95 
95 
95 
95 
95 
100 



57* 100 
56 |l00 
54* 100 
53*!l00 



9 
P. 



74* 

72 

69* 

71 

68* 

66* 

64* 

62* 

60} 

62 

60* 

59 

57* 

56 



a 



95 
100 
100 
100 
100 
100 
100 
105 
105 
105 
105 
105 



I 



a 



73* 

74* 

72* 

70 

67 

66} 

64 

65* 

63* 

60* 
58} 



O 



105 
105 
105 
105 
110 
110 
110 
110 
110 



oo 

5 



73* 

71 

69* 

67* 

68* 

66* 

64} 

63 

61* 



3 
is 

O 

.a 



110 
110 
110 
115 
115 
115 
115 
115 



••3 

& 

p. 

ad 

a 



74* 
72* 
70* 

71* 
69* 

67} 

66 

64* 



CO 

O 

.9 
■3 



9 
ft 

00 

a 



115 
120 
120 
120 
120 
120 



73* 

74* 

72* 

70} 

69 

67 



00 



0) 



00 



125 
125 
125 
125 



75* 

74 

71} 

70 



3 



3 



130 
130 
130 



76* 
74* 
72} 
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TO TEST THE QUALITY OF IKON 

If the fracture gives long silky fibres, of leaden- 
grey hue, fibres cohering and twisting together before 
breaking, the iron may be considered a tough, soft 
iron. 

A medium even grain, mixed with fibres — a good 

A short blackish fibre indicates badly refined iron. 

A very fine grain denotes a hard steely iron, apt to 
be. cold-short, hard to work with a file. Coarse grain, 
with brilliant crystallized fracture, yellow or brown 
spots, denotes a brittle iron, cold-short, working easily; 
when heated, welds easily. 

Cracks on the edges of bars, sign of hot-short iron. 

Good iron is readily heated, soft under the hammer, 
throws out but few sparks. 

Iron, with heating, if exposed to air, will oxidize ; 
when at white heat, if in contact with coal, will car- 
bonize, or become steely. 

To restore burnt iron — give a smart heat, protected 
from the air, if injured by cold hammering ; anneal 
slowly and moderately, if hard or steely ; give one or 
more smart heats to extract the carbon. 
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FORCE OF THE WIND. 



Miles 

per 

Hour. 


Feet per 
Minute. 


Feet per 
Second. 


Force in lbs. 

per Square 

Foot. 


Description. 


1 
2 
3 
4 

o 
10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

70 

80 

100 


88 

176 

264 

352 

440 

880 

1-320 

1-760 

2-200 

•2-640 

3-080 

3-520 

3-960 

4-400 

5-280 

6-160 

7-040 

8-800 


1-47 
2-93 
4*4 
5-87 
7-33 
14-67 
22 
29-3 
36-6 
44- 
51-3 
58-6 
66- 
73-3 
88-0 
102 7 
117-3 
146-6 


•005 

•020 

•044 

•079 

0-123 

0-492 

1-107 

1-970 

3-067 

4-429 

6027 

7-870 

9-900 

12-304 

17-733 

24153 

31-490 

49-200 


Hardly perceptible. 
} Just perceptible. 

| Gentle breeze. 

| Pleasant breeze. 

| Brisk gale. 

> High wind. 

} Very high. wind. 

Storm, 
j Great storm. 

| Hurricane. 




KNOTS. 

A Common Bend. — It is formed by 
passing the end of a rope through the 
bight of another rope, then round both 
parts of a rope and down through its Fi »- U '^£ ymmo * 
own bight. 

Figure of Eight Knot. — Take the end 
of the rope round the standing part, 
under its own part and through the 
lower bight. 

Timber Hitch. — It is made by taking 
the end of a rope round a spar, passing 
it under and over the standing part, 
and then passing several turns round 
its own part 




Fig. 15.— Figure of 
Eight Knot 




Fig. 16.— Timber 
Hitch. 
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Fisherman 9 * Bend. — With the end of 
a rope take two turns round, then form a 
half hitch round the standing part, and 
under the turns, and another half hitch 

Kg. 1T.-A Fisher- / 

mans Bend. round the sanding part. 

To make Two Half-Hitches. — Pass the 
end of the rope round the standing part, 
and bring it up through the bight — this 
^ l Hit2S. Half k one half-hitch ; two of these, one above 

the other, constitute two half-hitches. 

Ocerhand Knot. — This is made bv 
passing the end of the rope over the 
bind Knot. standing part and through the bight. 

Rolling Bend. — It is something similar 
to a fisherman's bend. It is two round 
turns round a spar, two half-hitches 
^^ around the standing part, and the ends 
* ~B*n<L stopped back. 

To make a Botcline Knot. — Take the end of the 
rope in your right hand, and the standing part in 
your left : lav the end over the standing part, then 
with vour left hand turn the bight of the standing 

part over the end part; then lead the 
end through the standing part above, 
and stick it down through the cuckold's 
»>* *i. aiJ^U:* n0 °k formed on the standing part, and 
Kuot * it will appear as the sketch. 

jt A Beef Knot. — First make an 

JL^ ^BiL^* overhanded knot, supposing it to 

\[S* P~]P|Pl, 2 be round a yard; then bring 

u 1^^ *^ e end being to you over the 

n*. st <*tu*x* « Rwf Km«t left hand, and through the bight 
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haul both ends taut. This knot is used chiefly for 
joining the ends of ropes or lines together. 

A Short Splice. — A short splice is made by un- 
laying the ends of two ropes, or the two ends of one 
rope, to a sufficient length, then crutch them together 
as per adjoining sketch ; draw them close and push the 

strands of one under the strands 
of the other, the same as the 
eye-splice. This splice is used 
for block-straps, slings, &c. If 
the ends are to be served over, 
they are but once stuck through ; 
if not, they are stuck twice and 
cross- whipped across the strands, so as to make them 
more secure. When the ends are to be served, take a 
few of the underneath yarns, enough to fill up the lay 
of the rope for worming, then scrape or trim the out- 
side ends, and marl them down ready for serving. 




Fig. 23.— Short Splice. 



PART V. 

REGULATIONS FOE E3STGINEMEN AND 

FIEEMEN. 



CODE OF SIGNALS. 

As the Public Safety is the first care of every officer 
and servant of a Railway Company, and is chiefly de- 
pendent upon the proper use and observance of the 
Signals, all persons employed are particularly required 
to make themselves familiar with this code. 
The Signals in regular use are — 

Semaphores ) , ~ 

Flags ^hy Bay. 

Lamps by Night. 

Also, Percussion and Personal Signals. 

Flags and Lamps are distinguished by Colours, as 
follows : — 

RED is a Signal of Danger — Stop. 
GREEN — Caution — Proceed Slowly 
WHITE— All right— Go on. 
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HAND SIGNALS. 



Men required to give Hand Sig- 
nals are provided with Red, Green, 
and White Flags, and a Signal Lamp, 
with Red, Green, and White Glasses, 
and with Fog Signals ; hut in any 
emergency, when not provided with 
those means of signalling, the follow- 
ing are adopted, namely, — 

The All Right Signal is shown 
by extending the arm horizontally, bo 
as to be distinctly seen by the Engine- 
driver, thus — (Fig. 24). 




The Caution Signal, to Proceed 
Slowly, is shown by one arm held 
straight up, thus— (Fig. 25). 



Fig. 26 

The Stop Signal is shown by 
holding both arms straight up, thus, 
or by waving any object with vio- 
lence— (Fig. 26). 
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STATIONARY (SEMAPHORE) SIGNALS. 

Semaphore Signals are constructed with Arms foi 
day Signals, and Coloured Lamps for night and 
foggy weather. 



The "Danger Signal" is shown, in the 
day time, by the arm on the left-hand side 
of the post being raised to the horizontal 
position, thus : — (Fig. 27). 



Fig. 27. 
and by the exhibition of a red light at night. 



The " Caution Signal " is shown, in the 
day time, by the arm on the left-hand side 
of the post being placed half-way to the 
horizontal position, thus : — (Fig. 28). 



Fig. 28. 

and by the exhibition of a green light by night. 





The "All Right Signal" is shown, in 
the day time, by the left-hand side of the 
post being clear, thus : — (Fig. 29). 



Fig. 29. 

and by a white light by night. 
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PERCUSSION OR FOG SIGNALS. 

The Percussion Signal is used in addition to the 
ordinary Day and Night Signals in foggy weather, and 
when unforeseen obstructions have occurred which render 
it necessary to stop approaching trains. 

It is fixed upon the rail (label upwards) by bending 
down the leaden clips attached to it for that purpose, 
and upon being run over by an engine or train explodes 
with a loud report. 

The Signal, Caution — Proceed slowly, after bringing 
the train to a stand, is to be given by the explosion of 
one Fog Signal. 

The Signal, Danger — Stop, is to be given by the 
explosion of two or more Fog Signals in near succession. 

HAND SIGNALS BY NIGHT. 

To prevent ordinary Hand Lamps being mistaken for 
Signals, men must avoid waving them when moving 
about, unless when absolutely necessary, taking care in 
all cases to hold the dark side as much as possible 
towards the Engine-driver. In the exhibition of Hand 
Signals, men on duty should select positions conspicuous 
to the Enginemen and Guards of Trains. 

To provide for the proper guidance of the movement 
of trains taking on or putting off Wagons or Carriages 
upon some railways at Stations, the following Signals 
are used : — 

When the Train at a Station is wanted to be moved 
forward to the points of a Connection or Siding, the 
Guard, when on the ground* signals to the Engineman 
for this by moving his Chreen Light up and down, and 
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continues to do so until the tail of the train fa : 
enough forward, when he gives a Signal to Stop, 
showing a Red Light. 

When the train has to be bucked through a Conne< 
tion or into a Siding, the Guard moves his Green 1 
from side to side across his body, and continues t> 
until the train is far enough through, when he stopt 
the train by exhibiting a Red Light. 

Again, when the train has to return to the Main 
Line, the Guard signals with his White Light by 
moving it from side to side across his body, continuing 
to do so until the Train arrives on the Main Line. 
When he takes his place on the Train he signals to 
the Engineman to proceed on his journey by simply 
showing a White Light. 

During these movements all parties arte required i 
see that a proper look-out is kept, to prevent collisioi 
with other Trains coming up, and each, in his depart 
ment, to take the necessary precautions. 

BEFORE STARTING. 

The enginemen and firemen should appear on dutj 
as clean as circumstances will allow ; and they should h 
with their engines at such time previous to starting a 
their foreman may require, in order to see that t 
engines are in proper order to go out. 

Every engineman, before starting on his day's work, 
is in all cases to inspect the notices affixed to the notice 
boards in the steam-sheds, in order to ascertain if tlier 
is anything requiring hia special attention on parts 
the line over which he is going to work, as he is respon- 
nible for any accident that may take place owing to his 
neglecting to read the notices posted in the sheds. 
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The duty of each engine-driver is determined by the 
locomotive superintendent ; and no turn of duty should 
be altered, and no over-work should be undertaken, by 
any man, on any account, without the sanction of the 
locomotive superintendent, or his foreman, except on 
sudden emergencies, and it must then be reported by 
the engine-driver in his daily return. 

It is the duty of drivers, before starting, to see that 
their engines are in proper working order, have the 
necessary supply of coal and water, that the fog-signals 
are in a fit state for use, and that all the necessary tools 
and stores are on the tender, and in efficient order. 

Enginemen should always see before starting that 
their lights are in proper order, and that they have 
the proper distinguishing light for the train they are 
drawing. 

Under no pretence are enginemen allowed to meddle 
with safety-valves, to obtain higher steam pressure. 

Snow brooms must not be used on the engine guard- 
irons except snow is actually on the ground, lest they 
should remove fog signals placed on the rails. 

Enginemen when leaving the shed should test the 
pumps or injectors and sand- valves, to see they work 
properly ; particular attention must also be given to 
those parts recently renewed, and should any irregu- 
larities be felt or heard, the engine must be stopped and 
examined. 

No person, except the proper engineman and fire- 
man, is allowed to ride on the engine or tender without 
the special permission of the directors, or one of the chief 
officers of the company ; and no fireman must move an 
engine except when instructed by the driver, and unless 
he has also an orde** from the superintendent. 
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WHILST KUNNINGK 



Engine-drivers are strictly enjoined to start and stop 
their trains slowly and without a jerk, so as to avoid 
the risk of snapping the couplings ; and, except in case 
of danger, they must be careful not to shut off steam 
suddenly, and thereby cause unnecessary concussion of 
carriages or waggons. On starting, the fireman must 
look out behind to see that all the carriages are attached 
and all right. 

When two engines are employed in drawing the 
same train, the engineman of the second engine must 
watch for and take his signals from the engineman of 
the leading engine, and great caution must be used in 
starting such a train to prevent the breaking of the 
couplings. 

Every engine-driver is provided with a time-table, 
showing the exact time in which each journey is to be 
performed, excepting for special and ballast trains, the 
speed of which must be regulated by circumstances. 
He must endeavour to run the engine at a uniform 
speed, from which he should vary as little as possible. 
He must on no account run before the time specified in 
the time-table : and he will do well to consult the fol- 
lowing table frequently, to enable him to judge with 
certainty the rate at which he is travelling, or should 
travel, to arrive at a given station at a certain time :— 
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Table showing the speed of an Engine, when the time of perform- 





UJ 


© - ^»— — 


„>,_, f 




' — - * 


^*» * vt 




1 

Speed 


Time of 


Time of 


Time of 


Speed 


Time of 


Time of 


Time of 


per 


perform- 


perform- 


perform- 


per 


perform- 


perform- 


perform- 


hour. 


ing J mile. 


ing | mile. 


ing 1 mile. 


hoar. 


ing J mile. 


ing! mile, 


ing 1 mile. 


miles. 


m. s. 


m. b. 


m. s. 


miles. 


m. s. 


m. s. 


m. s. 


5 


3 


6 


12 


33 


27 


54 


1 49 


6 


2 30 


5 


10 


34 


26 


53 


1 46 


7 


2 8 


4 17 
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When an engine is in motion, the driver must stand 
where he can keep a good look-out ahead. 

The fireman must also keep a sharp look-out, when 
not otherwise engaged, and especially for any signals 
from the guard, which he will immediately communicate 
to the engineman. 

Firemen must always obey the orders of enginemea. 

R 
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Enginemen should before starting ascertain the num- 
ber of vehicles in their trains, in order to work their 
engines accordingly. 

Enginemen should not close the regulator to cut the 
steam off with the reversing- gear, and they should allow 
their engines to get away smart, with a few vigorous 
beats, before pulling the lever up, which should 
done by degrees as the speed increases. 

Engiucmen must pay implicit attention to the orde 
and signals of guards in all matters relating to the stop- 
ping or starting of trains. 

Enginemen must on no account place any reliance 
on the belief that their train is signalled by telegraph; 
as the fact of a train being so signalled should not in 
any way diminish the vigilance of their "look-out." 
The fixed station, junction, and distant signals, with 
the hand and detonating signals, must alone bo re- 
garded and depended on by the enginemen. 

Enginemen and firemen must pay immediate attention 
to all signals, whether the cause of their being given is 
known to them or not. 

On approaching junctions, enginemen are to sound 
the whistle, to give the pointsmen notice of their ap- 
proach. Enginemen are, as far as practicable, to have 
their firemen disengaged when passing a station, or on 
approaching or passing a junction, so that they may 
assist to keep a good look-out for signals. 

When an engineman finds a distant signal exhibiting 
the danger signal, he must immediately turn off steam, 
and reduce the speed of his train, so as to be able to 81 _ 
at the distant signal; but if he sees that the way is clear 
he must proceed slowly and cautiously within the dis- 
tant signal, having such control of his train as to 



m- 

ieir 

the 
ow 
dus 

ten 
op- 



REGULATIONS. 243 

able to stop it at any moment, and bring his engine or 
train to a stand as near the station or junction as the 
circumstances will allow. 

Whenever a distant or other signal appears in any 
intermediate position to the proper distances at which it 
works, it is to be treated as if indicating " Stop," the 
presumption being that the machinery of the signal is 
out of order. 

The absence of a signal at a place where a signal is 
ordinarily shown, or a signal imperfectly exhibited, is 
to be considered as a danger signal, and treated ac- 
cordingly. 

Whenever an engineman perceives a red flag, or other 
symbol, which he understands to be a signal to stop, he 
must bring his engine to a complete stand close to the 
signal, and must on no account pass it. 

An unlighted signal after dark must be considered a 
stop signal. 

There may be cases requiring a train to stop, either 
from a signal or from the personal observation of the 
engine-driver, when the most prompt judgment and 
skill will be required to decide whether to stop quickly 
or merely to shut off the steam, and let the train stop 
of itself ; this must be left to the judgment of the 
driver. As a general rule, it may be considered that, 
if anything is the matter with the engine requiring to 
stop, the quicker it can be done the better ; but if any 
intermediate parts of the train are off the rails, allow- 
ing the carriages to stop of themselves has, in some 
cases, kept up a disabled carriage, when it is probable, 
if the brake had been applied in front, the carriages 
behind would have forced themselves over the disabled 
one. If, however, the disabled carriage should be the 
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last, or nearly the last, in the train, the brake in front 
may bi applied with advantage; but if towards the 
middle or the front of the train, it is better to let the 
carriages stop gradually, as, by keeping up a gentle 
pull, the disabled carriage is kept nunv out of the way 
of those behind until the force of the latter is exhausted. 
In all cases the application of brakes behind the dis- 
abled carriages will be attended with the greatest 
advantage and safety. 

The engine whistle must not be used more than it 
absolutely necessary, the sound being calculated to 
alarm and disturb passengers, and the public residing 
in the vicinity of the railway, and to frighten horses. 

When two engines arc with a train, the signals are 
to be made by the leading engine. 

As a general rule, enginemen are at all times to 
exercise the greatest watchfulness ; they are to be ever 
on the alert, and, while on duty, to keep their minds 
Entirely fixed on that which is required to be done. 

If an engineman should observe anything wrong on 
jhe line of rails opposite to that on which his train is 
running, or should he meet an engine or train too 
closely following any preceding engine or train, he 
must exhibit a caution or danger signal, as occasion 
may require, to the engineman of such following engine 
or train. 

When the road is obscured by steam or smoke (owing 
to a burst tube or any other cause), no approaching 
engine is allowed to pan* (/trough the steam until the 
engineman shall have ascertained that the road is clear ; 
and if any engineman perceive a train stopping, from 
accident or other cause, on the road, he is immediately 
to slacken kw speed, so that he may pass such train 
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slowly, and stop altogether if necessary, in order to 
ascertain tho cause of the stoppage, and report it at the 
next station. 

Where there is an accident on the opposite line to 
that on which he is moving, he is to stop all the trains 
between the spot and the next station, and caution the 
respective enginemen ; and he is, further, to render 
every assistance in his power in all cases of difficulty. 

Engine-drivers must report, immediately on arrival 
at the first station, any obstruction upoii the line from 
slips or other causes. 

When meeting another engine, the drivers should 
stand on tho right-hand side, so as to be near each other 
in passing, ready to give or receive a signal whether 
the line which they have passed is clear, whether a 
train is a-head, or any cause of danger exists. 

Enginemen, in bringing up their trains, are to pay 
particular attention to the state of the weather and the 
condition of the rails as well as to the length of the 
train ; and these circumstances must have due weight 
in determining when to shut oft' the steam. Stations 
must not be entered so rapidly as to require a violent 
application of the breaks. 

In going down inclined planes, enginemen must take 
care that they have complete control over the trains, 
by applying their breaks ; and they must on no account 
attempt to make up lost time in going down inclined 
planes. 

No train with two engines attached is to be allowed 
to descend any inclined plane without the »teain being 
shut off the second engine. 

Due regard must be paid to the caution boards passed 
at various parts of the line, and the drivers are strictly 
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forbidden to exceed the speed marked thereon where i 
is specified. ■ 

Enginemen must carefully approach all stations i 
which their trains are required to stop, and must I 
overrun the platform. 

In no case is the engine-driver to put baclt when he 
has run past a station until he receives a signal from 
the station-master or guard ; and he must be careful to 
avoid any delay from overrunning or stopping short o 
stations. 

Enginemen are warned against improperly cotterin: 
up any joint or brass, and thereby causing the journal 
to become hot, or allowing any slide, block, or joun 
to out or tear for want of oil or grease. 

The fireman is to look back at starting from a statioi 
to see that the stop signal is not subsequently giver 
and that all the train is attached, and frequently whei 
on the journey, and more particularly in passing a" 
points where a signalman is stationed, to observe if he 
or the guard continues the "all right" signal after t 
train has passed, or turns on the " stop " signal 1 
indicate that something ia wrong, and to xatisft/ Mtntt 
the engine is on the right line. 

In case a train, when in motion, should become d 
connected into two or more parts, care must be takei 
not to stop the front part of the train before thi 
detached portions have either stopped or come gently 
up. 

Should fire be discovered in a train, the steam mus 
bo instantly shut off, the hrakes applied, and the train 
brought to a stand ; the proper signals must then be 
made for the protection of the line, and the burning 
vehicle or vehicles be detached with as little delay as 
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possible, and the best means adopted to extinguish the 
fire. 

Whenever an engine passes over a detonating signal, 
or a hand signal to stop is seen, the driver must imme- 
diately shut off steam, and proceed with great caution 
Until he has ascertained that the line is quite clear, or 
Until a second signal is passed, when the train must be 
stopped immediatety. 

Should an accident occasion the stoppage of both 
lines of railway, the engineman must send the fireman 
ixi advance of the train to signal trains travelling on 
the opposite line of rail to that upon which his train 
Was running. 

The following is the mode of applying the deto- 
nating signals. In case of obstruction, where it is 
necessary to stop any engine or train following on the 
same line, one of the signals is to be placed by the 
person engaged in the duty, at the end of every 250 
yards, for a distance of not less than 1,000 yards from 
"the place of obstruction (on levels, but farther on 
descending gradients, or, if a curve, to continue it until 
"the red signal can be seen round the curve ; and should 
"the distance end in a tunnel, then the signal is to be 
exhibited at the end of the tunnel furthest from the 
obstruction), in the proper direction, and two must be 
£xed ten yards apart at the point where the signalman 
stands at the moment a following train comes in sight, 
or, on arriving at the end of the distance named, 
between him and the approaching train : five signals 
will thus be required to protect the train. The stop 
flag signal, or lamp at night, must at the same time be 
exhibited as conspicuously as possible, and every exertion 
made to stop any approaching engine or train. 
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forbidden to exceed the speed marked thereon where 




Enginemen must carefully approach all stations i 
which their trains are required to stop, and must i 
overrun the platform. 

In no case is the engine-driver to put back when he 
has run past a station until he receives a signal from 
the station- master or guard ; and he must be careful to 
avoid any delay from overrunning or stopping short of 
stations. 

Enginemen are warned against impropcrl}' cottering 
up any joint or brass, and thereby causing the journals 
to become hot, or allowing any slide, block, or journal 
to cut or tear for want of oil or grease. 

The fireman is to look back at starting from a station 
to see that the stop signal is not subsequently given, 
and that all the train is attached, and frequently when 
on the journey, and more particularly in pasBing all 
points where a signalman ia stationed, to observe if he 
or the guard continues the "all right" signal after the 
train has passed, or turns on the " stop " signal i 
indicate that something is wrong, and to satisfy himw 
the engine is on the fight line. 

In case a train, when in motion, should become d 
connected into two or more parts, care must be f 
not to stop the front part of the train before 
detached portions have either stopped or com< 
up. 

Should fire be discovered in a train, the steam mui 
bo instantly shut off, the brakes applied, and the t 
brought to a stand ; the proper signals must then 1 
made for the protection of the line, and the burning 
vehicle or vehicles be detached with as little delay a 
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^lowing off steam or opening the feed-pipes at stations, 
r in passing trains or men, or anywhere where 
►lie steam might occasion danger by obstructing the 
ight. 
Enginemen and firemen must not interfere with 
ints connected with the main line except in cases of 
xtreme urgency, and when there is no pointsman who 

attend to them. 

Every engine-driver is to afford all assistance with 

engine that may be required for the arrangement 

nd despatch of the trains ; and if running an engine 

^alone or with goods, he must not refuse loaded or 

^empty waggons, if he has power to pull them, unless 

The has special orders on the subject. 

If a train, or a portion of it, is drawn into a station 
or a siding with a tow-rope, care must be taken to 
stretch the rope gradually by a gentle advance of the 
engine ; and great attention must be paid to the signals 
given by the man conducting the operation. 

When trains are shunted for other trains to pass, 
the tail lamps must be removed, or so disposed as not 
to exhibit the red light to the following train. 

AT THE END OF A JOURNEY. 

The engine-driver after every trip should carefully 
examine his engine, test the valves and pistons, and 
make immediate report to the locomotive superintendent 
or foreman of any accident to it or to the train ; as 
also of any obstruction or defect in the line, neglect 
of signals, or other irregularity observed during the 
journey. 

Every engineman, at the conclusion of the day's 
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forbidden to exceed the speed marked thereon where 
ia specified. 

Enginemen must carefully approach all stations 
which their trains are required to stop, and must i 
overrun the platform. 

In no case is the engine-driver to put back when he 
has run past a station until he receives a signal from 
the station-master or guard ; and he must be careful to 
avoid any delay from overrunning or stopping short 
stations. 

Etiginemen are warned against improperly cot term; 
up any joiut or brass, and thereby causing the journal! 
to become hot, or allowing any slide, block, or journal 
to cut or tear for want of oil or grease. 

The fireman is to look back at starting from a station 
to see that the Btop signal is not subsequently given, 
and that all the train is attached, and frequently when 
on the journey, and more particularly in ] 
points where a signalman is stationed, to observe if 
or the guard continues the " all right " signal after 
train has passed, or turns on the "stop" signal 
indicate that something iB wrong, and to satisfy hum 
the engine is on the right line. 

In case a train, when in motion, should become 
connected into two or more partB, care must be U 
not to slop the front part of the train before 
detached portions have either stopped or come ge 
up. 

Should fire he discovered in a train, the steam raui 
be instantly shut off, the brakes applied, and the trail 
brought to a stand ; the proper signals must then 
made for the protection of the line, and the burni 
vehicle or vehicles be detached with as little delay 
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possible, and the best means adopted to extinguish the 

Whenever an engine passes over a detonating signal, 
or a hand signal to stop is seen, the driver must imme- 
diately shut off steam, and proceed with great caution 
until he has ascertained that the line is quite clear, or 
until a second signal is passed, when the train must bo 
stopped immediatety. 

Should an accident occasion the stoppage of both 
lines of railway, the engineman must send the fireman 
in advance of the train to signal trains travelling on 
the opposite line of rail to that upon which his train 
was running. 

The following is the mode of applying the deto- 
nating signals. In case of obstruction, where it is 
necessary to stop any engine or train following on the 
same line, one of the signals is to be placed by the 
person engaged in the duty, at the end of every 250 
yards, for a distance of not less than 1,000 yards from 
the place of obstruction (on levels, but farther on 
descending gradients, or, if a curve, to continue it until 
the red signul can bo seen round the curve ; and should 
the distance end in a tunnel, then the signal is to be 
exhibited at the end of the tunnel furthest from the 
obstruction), in the proper direction, and two must be 
fixed ten yards apart at the point where the signalman 
stands at the moment a following train comes in sight, 
or, on arriving at the end of the distance named, 
between him and the approaching train: fim signals 
will thus be required to protect the train. The stop 
flag signal, or lamp at night, must at the same time be 
exhibited as conspicuously as possible, and every exertion 
made to stop any approaching engine or train. 
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reon where it 



forbidden to exceed the speed marked thereon v 
is specified. 

Enginemen must carefully approach all stations at 
which their trains are required to stop, and must not 
overrun the platform. 

In no case ia the engine-driver to put back when he 
has run past a station until he receives a signal from 
the station-master or guaTd ; and he must be careful to 
avoid any delay from overrunning or stopping short of 
stations. 

Enginemen are warned against improperly cot term g 
up any joint or brass, and thereby causing the journals 
to become hot, or allowing any slide, block, or journal 
to cut or tear for want of oil or grease. 

The fireman is to look back at starting from a station 
to see that the stop signal is not subsequently given, 
and that all the train is attached, and frequently when 
on the journey, and more particularly in passing all 
points where a signalman is stationed, to observe if he 
or the guard continues the " all right " signal after the 
tTain has passed, or turns on the "stop" signal to 
indicate that something is wrong, and to satisfy ItimtelJ 
the engine is on the right line. 

In case a train, when in motion, should become dis- 
connected into two or more parts, care must be taken 
not to stop the front part of the train before the 
detached portions have either stopped or como gently 
up. 

Should fire be discovered in a train, the steam must 
be instantly shut off, the brakes applied, and the train 
brought to u Btand ; the proper signals must then be 
made for the protection of the line, and the burning 
vehicle or vehicles be detached with as little delay as 



ACTS OF PARLIAMENT. 253 

3 & 4 Victoria, cap. 97. 

Justice may send any case to be tried at the Quarter 

Sessions. 

Sec. 14. — Provided always, and be it enacted, That 
(if upon the hearing of any such complaint he shall 
think fit) it shall be lawful for such Justice, instead of 
deciding upon the matter of complaint summarily, to 
commit the person or persons charged with such offence 
for trial for the same at the quarter sessions for the 
county or place wherein such offence shall have been 
committed, and to order that any such person so com- 
mitted shall be imprisoned and detained in any of her 
Majesty's gaols or houses of correction in the said 
county or place in the meantime, or to take bail for his 
appearance, with or without sureties, in his discretion ; 
and every such person so offending and convicted be- 
fore such court of quarter sessions as aforesaid (which 
said court is hereby required to take cognizance of, and 
hear and determine such complaint), shall be liable in 
the discretion of such court to be imprisoned, with or 
without hard labour, for any term not exceeding two 
years. 

8 & 9 Victoria, cap. 16. 

Bye-Laws — Company may make Bye-Laws for regulating 
the conduct of their Officers and Servants. — Copies to 
be given to Officers. 

Sec. 124. — It shall be lawful for the company from 
time to time to make such bye-laws as they thiDk fit, 
for the purpose of regulating the conduct of the officers 
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forbidden to exceed the speed marked thereon where it 
js specified. 

Enginemen must carefully approach all stations at 
which their trains are required to stop, and must not 
overrun the platform. 

In no case is the engine-driver to put back when he 
has run past a station until he receives a signal from 
the station-master or guard ; and he must be careful to 
avoid any delay from overrunning or stopping short of 
stations. 

Enginemen are warned against improperly cottering 
up any joint or brass, and thereby causing the journals 
to become hot, or allowing any slide, block, or journal 
to cut or tear for want of oil or grease. 

The fireman is to look back at starting from a station 
to see that the stop signal is not subsequently given, 
and that all the train is attached, and frequently when 
on the journey, and more particularly in passing all 
points where a signalman is stationed, to observe if he 
or the guard continues the " all right " signal after the 
train has passed, or turns on the "stop" signal to 
indicate that something is wrong, and to satisfy himulf 
the engine is on the riyht line. 

In case a train, when in motion, should become dis- 
connected into two or more parts, care must be taken 
not to stop the front part of the train before the 
detached portions have either stopped or come gently 
up. 

Should fire be discovered in a train, the steam must 
be instantly shut off, the brakes applied, and the train 
brought to a stand ; the proper signals must then be 
made for the protection of the line, and the burning 
vehicle or vehicles be detached with as little delay 
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possible, and the best means adopted to extinguish the 
fire. 

Whenever an engine passes over a detonating signal, 
or a hand signal to stop is seen, the driver must imme- 
diately shut off steam, and proceed with great caution 
until ho bus ascertained that the line is quite clear, or 
until a second signal is passed, when the train must be 
stopped immediatety. 

Should an accident occasion the stoppage of both 
lines of railway, the engineman must send the fireman 
in advance of the train to signal trains travelling on 
the opposite line of rail to that upon which his train 
was running. 

The following is the mode of applying the deto- 
nating signals. In case of obstruction, where it is 
necessary to stop any engine or train following on the 
same line, one of the signals is to be placed by the 
person engaged in tho duty, at the end of every 250 
yards, for a distance of not less than 1,000 yards from 
tho place of obstruction (on levels, but farther on 
descending gradients, or, if a curve, to continue it until 
the red signal can be seen round the curve ; and should 
the distance end in a tunnel, then the signal is to be 
exhibited at the end of the tunnel furthest from the 
obstruction), in the proper direction, and two must be 
fixed ten yards apart at the point where tho signalman 
stands at the moment a following train comes in sight, 
or, on arriving at the end of the distance named, 
between him and the approaching train : five signals 
will thus be required to protect the train. The stop 
flag signal, or lamp at night, must at the same time bo 
exhibited as conspicuously as possible, and every exertion 
made to stop any approaching engine or train. 






256 



INDEX. 



T^NGINE-DRIVER, how to 
become, 72; qualities of a 

model driver, 75 ; his duties, 

79, 102 ; certificates for, 190 ; 

examinations for certificates, 

194, 198, 200. 
Engines, sister, differences of, 66. 
Excentric, 15, 42 ; inspection of, 

90. 
Excentric-straps, 42. 
Expansion-links, 16. 

TT^AILURES, and their causes, 

-^ 148. 

Feed, management of, 126 ; gaug- 
ing the boiler, 126. 

Feed-pumps, 17, 43. 

Feed-water, composition of, 125. 

Fire, making-up, 97; manage- 
ment of, 78 ; haycock fire, 112 ; 
concave fire, 113 ; how to fire 
properly, 114, 118; when to 
fire, 115; bad firing, 117; to- 
wards the end of a journey, 139. 

Fire-bars, 28. 

Firebox, 10, 35 ; examination of, 
160; to find the heating sur- 
face, 224. 

Firebox shell, 9. 

Firemen, in the shed, 89, 94; 
duties and training of, 92. 

Foot-plate, inspection of engines 
from, 80 ; on the foot-plate 
with a train, 127* 

Framing, 13, 34. 

Free running, 67* 



QATJGE- GLASSES, 31, 37; 

putting in, 88. 
Gearing, inspection of, 85. 
Glands, inspection of, 85; pack- 
ing of, 163. 



Glasses, gauge, 31. 
Guide-bars, 15. 

TXAYCOCK fire, 112. 

Heating surface of a fire* 

box, to find, 224. 
Hornblocks, 14. 
Horse-power of a locomotive, to 

calculate, 222. 
Hydraulics, 171. 
Hydrostatics, 171. 

TNDICATOR, 165; indicator- 
diagram, 166. 
Injector, description of, 18 ; man- 
agement of, 125. 
Iron, quality of, to test, 230. 



JOHNSON, Mr. S. W., express 
bogie-engine by, 65. 



TTNOTS, 231. 



"TAP, 24. 

Lead, 23 ; inside lead, 24. 

Little-ends, 41 ; inspection of, 84. 

Locomotives, general description 
and classification, 8; detailed 
description, 33 ; the " Grosve- 
nor," by Mr. William Stroud- 
ley, 33; the "Pandora," by 
Mr. John Ramsbottom, 58; 
express locomotive by Mr. 
Patrick Stirling, 62; express 
Bogie-engine, by Mr. S. W. 
Johnson, 65 ; differences of 
sister engines, 66; free run- 
ning, 67 ; steadiness and safety, 

67. 
Logarithms, hyperbolic table o£ 

187. 
Lubrication, 25, 45. 
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A/TIND, presence of, 131. 

Mounting of boiler, 12 ; 
examination of, 160. 

JXOTICE-bOARD, 79, 89. 
/RILING the machinery, 79. 






Oxygen, 178. 



piSTONS, 40 ; to test, 90, 105. 
Piston-rod, 40 ; inspection 

of, 86. 
Pneumatics, 173. 
Ports, steam, 38. 
Pressure, effective average, in the 

cylinder, 185. 
Priming, 125. 
Puffing Billy, 74. 



"RAILWAYS, Regulation of, 
Acts of Parliament relating 

thereto, 251. 
Ramsbottom, express locomotive 

by, 58; his safety-valves, 12, 

61. 
Regulators, 12, 36. 
Reversing handle, 42. 
Road, knowledge of, 129. 
Running, free, 67. 



OAFETY, 67. 

Safety-valves, description of 
12; Mr. ltamsbottom's safety- 
valve, 12, 61 ; Adams's safety- 
valve, 37 ; principles of. 40. 

Sand-box, 29. 

Screw-shackle, inspection of, 88. 

Shed, inspection of engine in, 81, 
90 ; condition of fire in, 89. 

Shed-day, 158. 



Signals, code of, 234* 

Signals, knowledge of, 127, 129. 

Sister engines, differences of, 66. 

Slide-bars, 40 ; pressure on, 108. 

Slide-valves, description of, 20, 
38 ; to set, 69 ; to test, 90 ; lu- 
brication of, 145. 

Smoke in firebox, to consume, 
179. 

Smoke-box, 11 ; inspection of, 87. 

Speed, to calculate, from the 
driving-wheel, 221. 

Speed-indicator, 46. 

Springs, laminated, 26, 43 ; coni- 
cal, 27; inspection of springs, 
85. 

Steadiness, 67. 

Steam, expansion of, 181. 

Steam, keeping up, 103. 

Steam-blowing, 105. 

Steam-brake, 45. 

Steam-pipe, 17, 38. 

Steam-ports, 38. 

Stirling, Mr. Patrick, express lo- 
comotive by, 66. 



rp ALLOW, use of, for lubrica- 

tion, 100. 
Telford, in his element, 73. 
Tenders : Mr. Stroudley's tender, 

33. 

Terminus, approaching a, man- 
agement of engine and train, 
146. 

Tool-box, 31. 

Tools, &o., required for an engine, 
29 ; should be at hand, 138. 

Traffic, knowledge of, 130. 

Train, number of vehicles in, 102 ; 
management of engine with, 
103. 

Tubes, 11 ; cleaning tubes, 163. 
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T7ALVE-GEAR, 41. 

Valves, safety (see Safety' 
valw*). 
Valves, slide (see Slide-valves). 



TXTATER evaporated per jKrand 
VV of coal, to find, 22t>. 
Wheels, 43. 
Wind, force of, 231. 
Workmanship, 47. 



THE END. 
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CIVIL ENGINEERING, SURVEYING, ttc. 3 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 

TRIGONOMETRlC.il. SURVEY, for tht Formal!/,)-, ej Gcc-raphii.il an.l 
Topographical Map-, a,).! rUuu, il Hilary /;.■,.„:),. ,::- .,::. ., <_.T ftiillg, &c, with 
Useful Prohlfiiii, Formula, nn.J T..iU|js. II y I.kut.-G, ik-i a] I'mhf, RE. 

Foqrth Edition K,:il=.-<1 a::, I [-■., 1 ;!>■ K:m. ,1 l.v Captain CHARLE3 

Warren, K.E. > r.j r:.;:, , ;'i-,i 1 :i \\". -oa.: lj[' : . :-,-.; .d Svu, 10s cloth 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. Willi 1? large Hates, llv tlie Inn.' Gh-ise \V ■.;.-,. .-.- i::.--.',, 
M.I.C.E. Third lidi'iio.i.ii-iis-d tvlii.'S™. r - 11- Wat...:: Hi rs, M.I.C.E. 

and with tin ■■:;'■.■ ■ 1 1 ■ ■ to 1 Sairi for Facllit :•.: = I i. ■ - Ccn- 

■" I of Oblique Bridge by W. H. Hasi.ow, M.I.C.E, Royal Svo, 151. 
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:locb. 









-Bridge Construction in Masonry, Timber and Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIM HER. AM) (A'l.'.V. <\. h-i.i:iy 01 .,■.. Plalr-s from 
the Contract L'tawin,^ rr Adtni.-.Mir. v, m .,1 K |,a \V..i k -. ily >.V. !■ 
Haskoll, C.E, Socond Edition, will, the addition of .;; Kr-.limatcs, and die 
Practice oi Stilting out Works. Illustrated with 6 nages of Diagram!. Imp. 
ato, £1 Ti!. Grf. half-morocco. 



M. Inst. C.E. Den 






Strains, Formula; and Diagrams for Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 

IN GIRDERS A ND SIMILAR STIi UCT C il FS, .1 SD Til F.I R STRENGTH, 



» Woodcuts and 3 Plait 
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Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level- 
line, Setting-out and in Route Surveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E., 
Author of " Hydraulic Manual," " Modern Metrology," &c. Large crown 8vo, 
125.64. cloth. 

M Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor." — 
Athemrum. 

"Asa text-book we should advise all surveyors to place it in their libraries, and study well the 
matured instructions afforded in its pages." — Colliery Guardian. 

" The author brings to his work a fortunate union of theory and practical experience which, 
aided by a clear and lucid style of writing, renders the book a very useful one." — Builder, 

Surveying, Land and Marine* 

LAND AND MARINE S URVE Y ING, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies: Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E., Author of " Bridge and Viaduct 
Construction," &c. Second Edition, Revised, with Additions. Large crown 
8vo, 9s. cloth. 



" This book must prove of great value to the student. We have no hesitation in recommend- 
_ it wul n 

st useful and w 
fully written an 
— Builder. 



ing it, feeling assured that it will more than repay a careful study." — Mechanical World. 

" A most useful and well arranged book for the aid of a student. We can strongly recommend 
it as a carefully written and valuable text-book. It enjoys a well-deserved repute among surveyors." 



Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING. Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr. Telford's Rules for the 
same. By Frederick W. Simms, F.G. S., M. Inst. C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 6d. cloth. %* Trautwine on Curves, 
separate, 55. 

•* The text-book on levelling in most of our engineering schools and colleges.''— Engineer. 
M The publishers have rendered a substantial service to the profession, especially to the younger 
members. By bringing out the present edition of Mr. Simms' useful work."— Engineering. 

Tunnelling. 

PRA CTICA L TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinking and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst. C.E. Third Edition, Revised and Extended by D. Kinnear Clark, 
M. Inst. C.E. Imp. 8vo, with 21 Folding Plates and numerous Wood Engrav- 
ings, 305. cloth. 

"The estimation in which Mr. Simms' book on tunnelling has been held for over thirty years 
cannot be more truly expressed than in the words of the late Professor Rankine : — ' The best 
source of information on the subject of tunnels is Mr. F. W. Simms' work on Practical Tunnelling.' " 
— Architect. 

" It has been regarded from the first as a text-book of the subject. .... Mr. Clark has 
added immensely to the value of the book." — Engineer. 

"The additional chapters by Mr. Clark, containing as they do numerous ex a mples of modern 
practice, bring the book well up td date." — Engineering. 

Statics, Chraphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS ,m Theory and Compari- 
son : Their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattice, Bowstring and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. To which is added a Chapter on Wind Pres- 
sures. By R. Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo, 16s. cloth. 

•• Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied." 
Engineer. 

" This exhaustive treatise is admirably adapted for the architect and engineer, and will tend 
to wean the profession from a tedious and laboured mode of calculation. To prove the accuracy of 
the graphical demonstrations, the author compares them with the analytic formulae given by Ran* 
kiae."— Building News. 

"The work is excellent from a practical point of view, and has evidently been prepared with 
■men care. It is an excellent text-book for the practical draughtsman."— A thenaunu 



CIVIL ENGINEERING, SURVEYING, etc. 

Sj/dranlic Tables. 

HYDRAULIC TABLES. CO-EFFICIENTS. and FORMULA? 

. li-.. ,,./■■;■. 

Riven. With New Formula, Tables and General Informal™ Dn Ri 

Power. By [.'■■■■'. '\," .'','",'. . I ; :■ Engineer M.RLSJ Third Edition 

: .'.. ..;.:,:,...; ■ .. •,,,, ,.,„.. II. :,■:,.■.:.■ ,,.. 

ovo. 14s- clolb. 
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-Stiver Engineer inn. 

RIVER BARS : The Causes <•( their F-irmaliott, and their Treatment 
by "Induad Tidal Srour." Willi a lit ■:.-!■■:;.; inn "I 111'.: Sutfi'salul Kc.iuctkm 
lvun-. M.: I',' !■, i.y I I .V.*!. <. A. .,?!. I':- i„ tin; 



.Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and 

Eiplanatory Text. Intended as a Cuidc in Hyrl.au I i.: I.:,iku!n:i;,ri5 ami Held 
largcd. Large crown Bvo, iSj. cloth. 



Tramwags and their Working. 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING, 
Embracing a Comprehensive History of Iho Systt 



1, including Horse-Power, Sie.hu, 
.rripiionotdiu VarieliesofRr"'-- 



of Rolling 




Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. Byjow " 

Strength of Girders, 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THE WEII.IIIS OF HfiV >fii H T IKON AND STEKL 
GIRDERS, £ 



nled on 48 Cards, and said in s cloiii boi| 
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Tables for Setting-out Curves. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Sclliar-nut Cams from 
M.Iiiit. C.E. Tiiivri tUU-ll 

Engineering Field wo rfc 

TH£ PRACTICE OF ENGINEERING FIELDWORK. afplit, 

tetflinrflmi //i.-'niiNJi-. //1. (r,-- j !-.;,'■ &:.-. ((>:,■( .S'a S.'/Mrv'.'jf. Sir (■:■!■ !■;■[,' ,i<:,-i Lei-il!m>> 
Second Edition, KuvLsnl. w.rj, . , i,;i. I,;-., I.:, Ad.iiiinris, »ml n Supplement 01 
Waterworks, Sowers, Sewage, anil Initio].. BjW.Divis Hjskull, C.E 
Numerous Folding Plates. In Due Volume, demy Bvo, £1 sj. cloth. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical a,ul rhtwlkal tinny, lly ], H. Watsos Buck, M. Inst C.E. 
K.-i.l.nt h:Lnl::. ■,„■, I. .::.!.-:, .11: I ■,'..,11 !■-,',,■ ,:,:m Kailwjy. ILJu ,l:at,,I wiii 
FolJiii!,' Plait*, raja] Svo, us. cloth. 



Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYORS, AND CON- 
TRACTOR S ) C II lble ,with Rules, 

■:'... ■ .:'.'■:■■.'■'■■' 



,.:,<-■ ]■-■ *■:!« I 



"E* ry 1 ■ ■ ■ ■ ■ ■ 1 1 -; till' importance of such a 

Earthwork, Measurement and Calculation of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham. 
C.E. Wiih numerous Diagram*, iSmo, as. 6rJ. cloth. 



Strength of Cast Iron, etc. 

A PRACTICAL ESSAY ON THE STRENGTH OF C. 

IRON ASH Orill-lli Ml-TM.S. ISv Thomas TjiKHMLB, C.E. 



MECHANICS &- MECHANICAL ENGINEERING. 7 

MECHANICS & MECHANICAL ENGINEERING. 
Tfie Modernised " Templeton." 
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T//£ ENGINEER'S. MILLWRIGHT'S 
PRACTICAL ASSISTANT. A c.,lltct-o;i uf I'-.. 
By William Tiuih.etok. Seveotb. Edition, wii 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
ana Preeain employed in the Art -f '(Win-.;-. Jiy Pal-l K, iusj.lck. 
Third lidiLion, Ke vised and Enlarged. Crown Bvo, ;s. cloth. 

Zi'oh «»(i Steel. 

••IRON AND STEEL" : A Work for the Forge, Foundry, Factory, 
Mad Office, Containing ntadj atworthy information for Iron- 

f,l.,fl,L:; :,n,l IJ1.--I- S!<„;.k-l.,:,.-,s; i[,IH S ,Ki,l li.ll". I'..il. Id If.', illlr) Sl„: t t 
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. M aiog, trad C. . .. ;■'-■■: i In :;.i- Conliaeton, 

Builders, and Professional Draughtsmen, llr OnKc.Es llo*rtE, Author of 

'■Thi- Sh.lL [Oili-, "'I::. 1lL;.:Ii Ei.liii.!:i . ]i. vi.,d :iir.„, :iv ■ I ■>■■-.!,, .,1 k- 

Enlarged. Willi t.Llin- 5. iS:f. M" IV.r. k:i Mu.ruirai compared with The 
English root." and "Filed Stil- of S.juan-o. Cilits, and Roots, Areas, 
Decimal Equivalents, &c.'' Oblong 3imo, leather, elastic band, 6s, 
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Stone-working Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Ecaiwmi. 
cal Ctxvttifii ■■ Si, ■!.■. Willi Minis on [lid Arrancemeoi and ManagcmeRI 
oi Stone Work. liv II. 1'uwis li.i-E. M.I,M,E.,A.M.1.C.E. Willi numerous 
Illustrations. Larjw crown Jivfi.OJ. cloth. 

Engineer's Reference Book. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN 

,'.;■'.'■ ,- ■ :■.;■...: ::.■■■ V. ■■■:■■ ,-■! I..:'- 

Makers: Tool Makers, Machinists, ami Mclsil Workers; lion and Bi 
Founders, &c. liy w. S. Ilirim. Civil and McdiiLjiica] Engineer. ' rl 
Edition, ctimiuliy n u--r il.wiin Ailili liens. JnOiiiS b...i. . I ..:i .• Y,.,!iiii„\ in, 

■m as to r ■ppfa rl ■■. 

wulume cirotaiiH a great cteal of llinl klr-.l .,1 inlr'i nun wiiicli I* tf c 

rule* and well worthy of Doing on everr wd . :..... Thpreu 

■DhiniBkllimMw- uf'ihi"..^! »-.i'rk! -ilfii /™ 7V«fcj Coudw 

Engineering Construction, 

PA TTERN-MA KING : A Practical TrtaUst, embracing the Main 

Machine iii'i- '. ! PuifcWe. Pipes and MluiZ, 

Screws, M:,H„„«: I'.iri:-, i'i.!nj.s .mj C":k<. :ht M-ul-iiut; ol Piliems in 
Loam ami Civ, in;,;,. I. .v.. tdCLthi-r Willi i!n- n.. ilmli of Kirini^tiim ll:e 
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Smith's Tables for Mechanics, etc. 

TABLES. MEMORANDA, AND CALCVL 1TED RESULTS. 






!-OH HKCIIAXICS. F.XniXKFKS, architects, 
- ith, Third Edili 
i. I..I. limp lealho 



The High-Pressure Steam Engine. 

THE HiGH-ntESSUlii: STEAM-ENGINE .' ,4n Exposition 



,- SHffws ca™u* 



MECHANICS &■ MECHANICAL ENGINEERING. 
Steam Boilers. 



Jtoiler Making. 

THE BOILER-MAKER'S READY RECKONER. With Ex- 
amples of Pr;ir.licj] G- ,.|!!..:i v btl! Tcmi.!;ilini!, ior the Use of Platers, 
Smiths and Riveters. By John C,m:k is f:y. l-.,li I1: d [.-, 1:. K Clari, M.I.U.E. 
Second Edition, ri . visits, with .■i.unimis. ismo, si. half-bound. 









■c. l. .-j IL..-J Hut [In, -LLIh.- ;;.:iLiriliv appreciated and much used."— ,l/:> r <•,!/ y.j.-^.rj. 

jSteam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

Goodbye, U.>... [Wmi .•,,-..!■ r. .,,.-. .-v. r ; ,i '■'Ih, >■■.!, m.ritsof Mechanism," 

. ■,.:■ ..■■ .. ;:.. . : '.. ■ . ■. ■ .■., :■ .,-..■: ■ .; . ■ ■ . , I |,| ,-. 

TH£ SAFE USE OF STEAM. Containing Rules for Un- 



prv.i, :sk 



Coal and Speed Tables. 

A FOCKET BOOK OF COAL AND SPEED TABLES, for 



■ntfoucv c«l confine™ inn ksc'r. of .tram."-/™ ,.-'tf c 01 u />««« jfii™. 

JFire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. 



: YirttKQ, C.E. With 



Cr«s Lighting. 

COMMON SENSE FOR GAS-USERS: A Catechism of < 

LigMi«K for Uottsthoifort, Gasfitters, MUiimnti ' 
By i Robe-" "' 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

tA'mowi as •' The Engine Dm veil's Fkihhd "). 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING: A Practical Manual far 
Entinttnin chwr cf I.r,c l in,,.tite liininn. lly Michael Reynolds, Member 
of IhaSociHvi !■:,,, !:,,-,■,.. i ,-,,,,, I , [ .oMinotivE Inspector L. B.and S.C. R. 
Savant I : ■ iomx. With 111 us- 

Intionsand Portrait of Auilior. Crown Bvo. 41. 6rf. c 



nan, and Engine-Boy. 

IOTIVE ENGINEER, FIREMAN, t 
.■: Li Historic*] Notice of the Pioneer Loc 

e^onmsifT'sittvice of Kj i-.iN5. Hy H 



I 

/ (or 



, i:,h,i„. 

Sri! 



' ilKAKliS : A Practical Trcjtise 
■ United Kingdom ; their Construction a 
i-.iiionsand ihihsui-jus Tables. By Mich* 



.nglne-Driving TAfe. 

ENGINE-DRIVING LIFE: or, Stirring Adventures . 

ttcnls in the Lives •>! Lmw.-Hi e-Lnsiit Drivers. By MiraliL I 

:.:,: . i ■ - .!!-■._ . lv,.,, ..., ,..,; ■;.. 

"Till! boot from lirst I;. 1.1 -i;,;.ir:. ■ iv. :;:■.- ;i: saimt tli.illLnn -, 
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Pocket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL /■.-m-r.ij-C'N (■''/.' i:.\t;i.\i--'.n:x, 1:011. /■•/■: attendants, 

AND MF.CHAXlCi. Hv Jlulm , Ki:i :.. ...in., Mem, S. E., Aulbor of 
"Locomotive Knsinc-Diniri!;,- " SlaLionary Enellic-Driving," &c. With 
Forty-iivo lllu!.!r:jtio:;5:mJ ir roM= Digrams. Royal lg~- " 
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ARCHITECTURE, BUILDING, etc. i 

ARCHITECTURE, BUILDING, etc. 
Construction, 

THE SCIENCE OF BUILDING : An Elementary Treatise o 

the Principles of O-mtr^tian. liv !■:. Wvnpuau Takx, M.A., Avi-S'.heC 
Second Edition, Revised, with 58 Engravings. Crown -vc, ts. 6.1. cLmii. 



Villa Architecture, 

A HANDY BOOK OF VILLA ARCHITECTURE: Bei 

; of Designs fit Vi'.U Ke^.l.nce:, i'r :■.;.]■:■ 1,1 Styles. With pi 
.to, ball- 



Specifications and Estimates, liv C. Wicr-.i-:,,, An: hi: ■:■■■:. Autli'jr 01 "The 
Spires and Towers of England," fc. — D 



",- Also an Enlarged Edition of the above. 61 Plates, with Outline Speci- 
ficaii.ni-i, liMimales, tic. O ss. half-morocco. 

Useful Text-Book for Architects. 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information fur Architects, Engineers, Surveyors, Contractors, Clerks of 
JI'erAs. &c. &c. By 1-i,;.....j-.;"< ;, Rmusfs. At r:!.it-:-ct. Amhor of •' Specifica- 
tions for Practical Archil.^irf.'Wc. S,-:-,:n,l li.iilion, Revised and Enlarged. 
Willi tloiTii-i uus Iliiislriiiiims. CmvuivLi, 6s. cloth. 

Taylor and Cresij's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 

the late G. L.Tavlok, Esq.. F.R I.B.A., and Edward CBSSI, Esq. New 



oughl y revised by tbo 
,. Taylor, Esq.), Pello 



College, Clslbrd, and Cll.m- 

laul of Gray's inn. Lai-i: folio, with 1 ■■) H..U-5, li..ll-bound, £3 3!. 
N. B— This Is the only hook which Kives 011 a laree scale, and with the pre- 
ssor, of anili:-. :.; li ■ :■' ■' r.'.n n:. tin- !■! ii,!'!;..il M-::.:,.u ,:,.. „i A:ri::i,i K:,..n.: 



training for Builders and Students in Architecture. 

l-RACFICAL RULES ON DRAWING, for the Operative 
Ditildcr ami Ybuhk Si«.lrr.i in Architecture. By George Pybe, With 14 
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Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
1NGASD VALUING ARTIFICERS' WOHKS. CoiiuininR Directions for 
Hiking; Ditii.ii.i,,,,,. .\i,snaci:ns i I m- s.viki. njul bring-inR tin: yuamiiics icw 





























A££ift 



Pocket, Estimator. 

THE POCKET I-:s I1MAT0R for the BUILDING TRADES. 



■- ■ "' ',;■■;■, 






■ Third MditiOE 



Builder's and Surveyor's Pocket Technical Oulde. 

THE POCKET TECHNICAL GUIDE AND MEASURER 

OERS AMI S-rKI-KU.'Ri. Oiiilsinirii.: n l"on-,| !.-if 1 ■,;,;.,,.- 

Vriii- i:s.:.l "I Hiiil.LinnO.itinu-ii™, ll,.i„,.„„l,,l.,r Reference, 
urfneWo.l ■ ;:■ Building Trade* i.-iihi 



-,-(,n lli.i Mai 



A.l\ II,,, 









lest Her 






-•-i.y F ,■,-■.'-■. 



Donaldson on, Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 

Guide 10 [lie Ardulu:!, h::-iiuvr. Sui ■.<■■.., r. and Builder, in drawing lip 
-S|-.i riln-.iiiioni id. ■ (.■■!, -i. !..;■■ 1..V w.iks .-.nd iTonstruciiuns. Illustrated hi 
■•-- --mally e.f-niu.d hj eminent Architects and En- 

i:i'iv.i;-ds 1,1' I , ii.li.j:- oi Ti-\r, find 33 Plates, 



Sineors. By Pr 

One large Vol., 



cloth. 









Bartholomew and Roger*' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITFCTURE: 

A Guide 1.1 tlie AlfllhfCI, K—i.i, .-i.Suioi .;,,,,! IV.ffll.f- Willi 111 Ess.1T 

WtI- l-v V e i' •■■.■ I'. m;i li [.'.'.iLw.ilms-niisiilv He vised, Correal.-, i, 

■■ !■■■ !■■!■■ I'i i- 1 i ■■■ ■■■ if-. ■■■■'■ ■■■■■!■' :-■■- Mid l-l,l!..il, R,.-vis«iJ. witt, 

Additions. WiiO numerous Illus!*.. medium nv.>, 1 ■..■, rlo.h. | Jj«( fMishtil. 



DECORATIVE ARTS, etc. 
DECORATIVE ARTS, etc. 



I 



Colour, 








A GRAMMAR OF COLOURING 


Applied 


to Decorative 


PainliiiE and the Arts. By George Field 


New Editio 






u5B«{lLi.;Oriiaiii,!tn.i] Hair, lei ami Designer 


By Li.:.!:. A. 




,,s. Wiih 


New Coloured Diagrams and Engravings. I 


mo, 3 s. (W. ck 




da. 










House Decoration. 








ELEMENTARY DECORATION. 


A Guide t 


the 


Simpler 


Forms of Everyday Art, as applied to the Inl 
Dwelling Houses, &c. By Jauks W. Facey 


rior antlKvie 


Jul' 1) 


.... ■■ 






cloth limp. 








iMinzNnvs. 


-,- BytkiwmiAxtharJus 


published. 






PRACTICAL HOUSE DECORATION : A Guide to the Art of 


Ornament*! l-'aitm:;,;. iht- Antin-cment of C 






s. :ir,.) tl„! 


principles of Decorative Design. With sam 
l'lUiifll i'-i of. PiEtMDtt Wit* ii- trona llli 




a the 


. 



N.B.— r*e fltoi't Two H-'orfj together in Out fat, ttNMfft halfbamd, su 

House Painting, etc. 

HOUSE PAINTING. GRAINING, MARBLING. AND SIGN 

WHITING, A Practical Manual of. By Ellis A. Davidson. Fourth Edition. 
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DELAMOTTES' WOR KS on ILLUMINAT ION & ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for tht Us/of 

Colours. By F. Deuihotte. Nw.i!j! -.Lii^ll 410,61. DlDi- 

ORNAMENTAL ALPHABETS, Ancient and MuUnval, from tht 
Eighth Cnitury, teilh Numerals; including Gothic, Churcb-Teit, large auJ 

small, Gmiun, Italian, Arabesque, Inifi.ik ir.r llliinili-alion, Monoerilnis 
Crosses, So. Ac, for (In: use 1,1 Ai iliiifiim ill and Engineering Draughtsmen, 

'.; . ■: ; :.:■ :.■ . i ■ . . ■ 



EXAMPLES OF MODERN ALPHABETS. Plain and Ornamental; 

including Cenv.nn, (.'Id L ■!,, s.i.f.n, l'..:u-, I'ci-srewive, Greek, Hebrew, 

Court Hand. I:.i,i;n. ssiir;, '1 ii -tri!!, Riband. Colli ic, Knstic, and ' 
,.■ 1, ■■- 1 m] iginal Designs, and an Analysis of the Roman andOld English 
Alphabets, l.u::. ,nnl snnll, : 1 1 1 iJ N'.:n i.:l-, • •■' lito use of Draughtsmen, Sur- 
veyors, Ma=- n □ 1 ■ , Litboerapbete, Engraven, Carvers, (to, 
Collected and Kngravcd by F. Delamotte, and printed in Colours. New 
and Cheaper Editiun. Royal &va, oblong, 15. ti. ornamental boards. 

MEDIMVAL ALPHABETS AND INITIALS FOR ILLUMI- 
,'.■',■■:■.. i:-.-r. i; \-:.-- ■■ . I ntafning 11 Piste* and Illuminated 
Title, printed in Gold and Colours. With an Introduction b} j. WllXIS 
Bkooss, Fouitli and eueapci 1 J 1 1 1 ■:). Small .[to, 4s. ornamenUllioards. 

Containing 



d ia Colours. Oblong royal tivo 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, fat Amateurs; with 
Hints on Design. By A Lady. With Ten large Plates, 21. 6J. in emblematic 

■raw?"- 

Glass Painting. 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr.GsssHRT and Emanuel Otto Fsoubsko. 
Witban Appendix on Thb Art or Enaiielliho, lamo, is. W. cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY, By 
Jawss Gkeig Badenocii. With isfnU-pa ->- Engravings ol Examples, 11. cloth 
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Timber Merchant'* Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION^ CaBUinisgN ■■■■..■'■ 1 .; ;—..■! die Reduced Weigk. and 

\l0;i;L]]TLI,illl .1 !>..::■ .1!. I R.LiU.:. , ■ I ,..11 ■,!!<■?. f I O • 1 1 U„t: If. .. "J" I ii>UL,Hi 1-1 

H (WO. and the relative i'rire tli.it <:;«-li tin; bears per Lineal Font to any 
Biven Price Ik i |\ ■[.■!■ -:!,,!:,■ HMT!.-|.,rtJ 1 1 nndr.d ; llie Price per Cube Foot of 
s. I:.;;,:,-: Tiiiiburii.-.iin- ,:b-:i I'lirs per Load of jo Feet; toe proportionate 
Value of locals ami Battens by the Standard, to Sqasn.- Timber by Hie I. ..Mil 
of jo Feet; th- i.;,.Ik:-.i iiiooi Kfi L,,ini : m ii>e hire .,1 Scantling per 

i :::■ .i i. ■■■ •■ • given Figura per Cuba Foot, ftc. Sc. By 

Williim Dowsing. Third lijiiioii, li.-vir.i.l and Correcltd. Crown Bto, 



'rarticitl Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 

for the use r>i bull. ■. Ontnrr. icrs, Hnivevt.rs. HuiUers. Kr., eomp ' " 

uieful Tables for all purposes cinu.-. t, <l wiib :h,.: T .,r T.ade, M.i 

Wood, f.stay mi llie ^rei^i:'. ,.1 Timb.-r. Ktiv.n s= on Hie GrmvUi oi Ti 



: 



Timber Freight Book. 

THE TIMBER MERCHANT'S, SAW MILLER'S, AND 

IMPORTER'S FRI-II.IIT HOOK ASH ASSISTANT. Comprising Rules, 



Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL ME 



■■■■.■ .... -.. 

Builders, St:. 11 y James itAH-msoii. 'I'hu.l Ld.tion. Fcap..; " ' 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed f 

icnnall.in concerning ll'.u I 'Until....: .nut C a-i, of Korest Trees fo 

nohi. wiibiHi:f.:-L-.-,ti,..|.=, U| nil,.. Ovation and Cme of Woodlands. By F B 

Hough. Large cimvD Svo, ios. cloth. ' 

Timber Importer's Guide. 

THET1MBF.R IM "OUT F.R'S. TIMBER MERCHANT'S AND 

BUILDERS S7".-!.V/l.iA7i ii V 1 1 . F. . Hv Kirirjun 1; <,f,,,nuv Compris- 
ing an Analy- 7 - «i [.'.Mi :-,: in. I ir 1:.. Home mid I- ore i B n, with Comparative 

Values and Tabular Ann,-. ■ i-lri^l:../ \.,u L.in..i-,t Uosl o=. Il.il,:,- 

and North Atm-iitan !J,-,!i., i r j -■- V = ■ - 1 i 1 1 — ;JI in .■ v.-.-.- I".™.™ b— 71". 

Insurance, &C. &c. Second h.lili.n, c.u^tuili 
"ErtrythinHiipieJenJiTDbo: built up gradually, it Ira 
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MINING AND MINING INDUSTRIES. 



Metalliferous Mining. 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of 
" Ure's Dictionary of Arts, Manufactures, and Mines," &c. Upwards of 950 
pp., with 230 Illustrations. Super-royal 8vo, £3 3s. cloth. 

\* Opinions of the Press. 

" One of the most valuable works of reference of modern times. Mr. Hunt, as keeper of mining 
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, 
and has evidently made the most of them. . . . The language and style adopted ate good, and 
the treatment of the various subjects laborious, conscientious, and scientific." — Engineering. 

" Probably no one in this country was better qualified than Mr. Hunt for undertaking such a 
work. Brought into frequent and close association during a long life time with the principal guar- 
dians of our mineral and metallurgical industries, he enjoyed a position exceptionally favourable 
for collecting the necessary information. The use which he has made of his opportunities is suffi- 
ciently attested by the dense mass of information crowded into the handsome volume which has 
just been published. ... In placing before the reader a sketch of the present position of 
British Mining, Mr. Hunt treats his subject so fully and illustrates it so amply that this section really 
forms a little treatise on practical mining. . . . The book is, in fact, a treasure- house of statistical 
information on mining subjects, and we Know of no other work embodying so great a mass of matter 
of this kind. Were this the only merit of Mr. Hunt's volume it would De sufficient to render it 
indispensable in the library of everyone interested in the development of the mining and metallur- 
gical industries of this country." — Athenaum, 

# " A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries." — Engineer. 

" A sound, business-like collection of interesting facts. . . . The amount of information* 
Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more- 
instruction upon the subject than any work hitherto published." — Mining Journal. 

"The work will be for the mining industry what Dr. Percy's celebrated treatise has been for the-: 
metallurgical — a book that cannot with advantage be omitted from the library." — Iron and Coal' 
Trades' Review. 

"The literature o r mining has hitherto possessed no work approaching in importance to that 
which has just been published. There is much in Mr. Hunt's valuable work that every shareholder 
in a mine should read with close attention. The entire subject of practical mining— from the first . 
search for the lode to the latest stages of dressing the ore — is dealt with in a masterly manner." 
— Academy. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED- 
KINGDOM. Comprising a Description of the Coal Fields, and of the Princi- 
pal Seams of Coal, with Returns of their Produce and its Distribution, and 
Analyses of Special Varieties. Also an Account of the occurrence of Iron 
Ores in Veins or Seams ; Analyses of each Variety ; and a History of the 
Rise and Progress of Pig Iron Manufacture since the year 1740, exhibiting the 
Economies introduced in the Blast Furnaces for its Production and Improve- 
ment. By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £1 8s. cloth. 

"The book is one which must find a place on the shelves of all interested in coal and iron 
production, and in the iron, steel and other metallurgical industries."— Engineer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
... A book of reference which no one engaged in the iron or coal trades should omit from his. 
library."— Iron and Coal Trades' Review. 

" An exhaustive treatise and a valuable work f reference."— Mining Journal. 

Prospecting. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Small crown 8vo, 3s. 6d. cloth. [?*«* published, 

" Will supply a much felt want, especially among Colonists, in whose way are so often thrown 
many mineralogical specimens, the value of which it is difficult for anyone, not a specialist, to 
determine. The author has placed his instructions before his readers in the plainest possible 
terms, and his book is the best of its kind." — Engineer. 

" How to find commercial minerals, and how to identify them they are found, are the 

leading points to which attention is directed. The author has manag d to pack as much practical 
detail into his pages as would supply material for a book three times its size." — Mining Journal. 

" Those toilers who explore the trodden or untrodden tracks on the face of the globe will find 
much that is useful to them in this book."— A thenaum. 




bfUy Minerals and Mining. 

A TSEJTISE OS EARTHY AND OTHER MINERALS 
. vc By D. C Diii3. F.G.S. Uniform wiih. and forming a 
" '" " Metalliferous Mineials and 




f Machinery. 

MINE DSA1XAGE. Being a Complete and Practical Treatise 

- '•- iHaaBl Sn<i= Pumping Machinery, with 1 Descrip- 
■* llw hcil known Engines, their General U 
t ibei- Aetna. ihtMwlt of ibeir Applies 




f TcWfe. 
J MUTUAL OF MIXING TOOLS. For the Use of Mine 

■ ." ■-■ -. I. .-: ■ : ,-,r. i'r ■■:- 

ceil ViME* at che Bristol School of Mines, ijno, 31. cloth boards. 
ATLAS OF ENGRAVINGS to Illustrate the above, contain. 
" "igTools.dfawnloscalc. 410,61. clolh boards. 

' Mining. 
COAL AND COAL MINING: A Ridinuvlary Treatise on. 

Whingtok W. Smith, M.A.. F.R.S., lc, Chief inspectQi ol the Min. 
I. cl..^N boards. 



■be Crown. 



fiSjr5ta~J. 

Subterraneous Surveying, 

SUBTERRANEOUS SURVEYING. Ehmintary and Practical 
Ttrwliatm: with an J without elm i!n.:;u lit N--.l>. IIvThuhas Femvick, 
SHrv»)-or o! Mines, and Thomas Baker, C.E. urao, j*. cloth boards. 



NAVAL ARCHITECTURE, NAVIGATION, etc. i 

NAVAL ARCHITECTURE, NAVIGATION, etc. 

Chain Cable*. 

CHAIN CABLES AND CHAINS. Comprising Sizes am 
Curves of Links Stu.ls. &,- . iron for Cables and Chains, Chain Cable an 
■•■-- '.inks, Strength of Cables and Chain: 



;■.■:■ Cables, Martin, 



Jngineer Surveyor in CI 
d Anchor Proving Esta 
Committee on Proving 
ins and Lithographic 



,, ■ : .•...-. .1 



^oclcet-BouI. for X mat Architects ami Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

l-OCKF.-l'HHVX ,-■' !■ ■■■.:.-. ..■:;.< 

'■.■.'.■.-. ,:. By Cl.BUEnTMaCjioiv. Member of Hie 

.rrbiiL-cir.. Naval I >i aujhrsinan. T 1 hdi;;...„, R»- 

it DiaglUH, bo, reap., ui, M. strongly bound in 

■ ■ i i ■ .i:-.-. il-j 

£r III.: Ir.,1 Mil | ■ : ■ L I- ;. 'i„.r III i [ I Jlllfl 1 ■ ( ■■■■ fllM " 1^, til 

'-Tll«T...|f,-.-.' r r 

"There 15 sturdy n MiLIf LI '.:,.'. n p..,.-.: :,r. !■ I ...I ' ... t .,,..- ... r.livnli 

Pocket-Rook for Marine Engineers, 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA". FOR MAR! XI-: fiXlllXKlihS. By Fr:ANK Pboc.tok. A.I.N.A. 
Third Edition. Royal 31100, leather, gill edges, with strap, 45. 

^ We recommend illnniiT n ,! r I ■ .■■.:■.■■■ , l a ma / S UM O. 

Lighthouses, 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 

a Tour of Inspection m.-nle in i;v. >. U, Majoi c.n*:oi II. Ellb.i. Corps of 
Engineers, U.S.A. With 51 Engraving! ami ji Woodcuts, a vo, us. cloth. 

V ThifeUoaing arc publitktd in Whu'b Ruqiitektarv Settles. 
MASTING. MAST-MAKING, AXD RIGGING OF SHIPS. By 

RoaaitT Kippimo. N.A. Fifteenth Edition, iltno, 31. tW.cIolb boards. 
SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with 

an Append ii. By Robekt Kipfixg, N.A. Illustrated, iimo, 31. cloth boards. 
NAVAL ARCHITECTURE. By Tames Psake. Fifth Edition 






;iS 



MARINE ENGINES AND STEAM VESSELS {A Trtatist ox) 
BjRomrt UmtUY, C.B., Principal OS .. t sf Tfadsfar tha 

East Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by the Anther and by GnonGE Cahlisli;. C.E 
Senior Surveyor lo Hie Hoard of Trade at Liverpool, tlino, 51. cloth boards. 

PRACTICAL NAVIGATION. Consisting of the Sailor's Sea- 
Book, by James Cbeenwood and W. H. Rosskh; mother wiiii III-: iiijnisite 
Mathematical and Nanli.- .1 f.iM.-E for the Woikiii,; of the l'mbleins, l,y 
Hekrv Law, C.li ,and Professor J. R. Yonito, „ UJOp ;J half-bound. 
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NATURAL PHILOSOPHY AND SCIENCE. 



Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Preece, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, izs. td. cloth. 

"The original plan of this book has been carefully adhered to so as to make It a reflex of the 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro* 
guessed with marvellous strides ; nevertheless it has now apparently ceased, and practical applica- 
tions have commenced their career ; and it is to give a faithful account of these that this fresh 
edition of Dr. Noad's valuable text-book is launched forth."— Extractfrom Introduction by IV. H. 
Preece, Esq. 

" We can recommend Dr. Noad's book for clear style, great ran? e of subject, a good index, 
and a plethora of woodcuts. Such collections as the present are indispensable. — Athenaum. 

"An admirable text-book for every student— beginner or advanced— of electricity." — 
Engineering. 

" Dr. Noad's text-book has earned for itself the reputation of a truly scientific manual for the 
student of electricity, and we gladly hail this new amended edition, which brings it once more to 
the front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kempe and Mr. I. P. Edwards, 
has added all the practical results of recent invention and research to the admirable theoretical 
expositions of the author, so that the book is atxmt as complete and advanced as it is possible for 
any book to be within the lim.ts of a text-book."— Telegraphic Journal. 

Electricity. 

A MANUAL OF ELECTRICITY : Including Galvanism, Mag- 
netism, Dia-Magnetism, Electro-Dynamics, Magno-Electricity, and the Electric 
Telegraph. By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 45. cloth. 

"The accounts given of electricity and galvanism are not only complete in a scientific sense, 
but, which is a rarer thing, are popular and interesting."— Lancet. 

"It is worthy of a place in the library of e/ery public institution." — Mining Journal. 

Electric Light. 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 1 
Dynamo-Electric Machines. By J. W. Urquhart, C.E., Author of " Electro- 
plating: A Practical Handbook " Edited by F. C. Webb, M.I.C.E , M.S.T.E. 
Second Edition, Revised, with large Additions and 128 Illusts. 7s. 6d. cloth. 

" The book is by far the best that we have yet met with on the subject." — Athen&um. 

"It is the only work at present available which gives, in language intelligible for the most part 
to the erdinary reader, a general but concise history of the means which have been adopted up to> 
the present time in producing the electric light." — Metropolitan 

Electric Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING. By Alan A. Campbell Swinton, Associate S.T.E. Crown 8vo, 
15. td. , cloth. [Just published. 

" As a stepping-stone to treatises of a more advanced nature, this litt'e work will be found 
most efficient.' — Bookseller. 

"Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
electric-lighting cannot do better than read this little work.' — Bradford Observer. 

Dr. Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A very convenient class-book for junior s'udents in private schools. It is intended to convey, 
in clear and precise terms, general notions of all the principal divisions of Physical Science."— 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations. Second Edition. One Vol., 3s. 6d. cloth. 
"Clearly written, well iiranged, and excellently illustrated." — Gardener's Chronicle. 

Dr. Lardner'8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2s.6d. cloth. 
" One of the most readable books extant on the Electric Telegraph."— English Mechanic* 



NATURAL PHILOSOPHY AND SCIENCE. 






i. 6J. cloih. 



. wi I h the Means 
the Clauds. By William 
15 Wood Engravings. Crawl 






or Making 

■mi i:„ l.n 



Tlie Blowpipe. 

THE BLOWPIPE IN CHEMISTRY. MINERALOGY, AND 

GEOLOGY. CotlUininrs all Inown Metli<.,[j el Anl,v.l.,Hi.( AiLilviii. m.my 

.!-:.:.■■:■.■■.■■ - ■ ] ■ . ]■■'!...■.:■.■ 

Colonel W. A. Kosi, K.A., F.G.S. Wi ' 
«-M. cloth. 

Uc Military Sciences, 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 

from Contribuliiiris .il i i;!i ■,■:- .mi r.:!i.--r- .-.m :.'.! Willi il,e [liferent Scr- 

vkt.'-. Oi finally rdiled by aComtnillee of Ihe Corns of Royal EinincWb. 
•pa. wl.h many 

Tbree"v u ls.. r" * """ 

?■■,■■:.■■.■,-",-■." Kr:„:~. 



field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES. MILITARY MI\I\G,A\l) RECOSNOITMNG. By 

■ ■■! l-..:l:l'.-..:i .1 ■' K.M..V. Woel- 

wich. Siilli Edition, crmn ivo, di-ili, wilti tetuuiuc Atlas of il Plata), UJ. 

Conc/iolof/!/. 

MANUAL OF THE MOLLUSCA : A Tytathi on Reient Mi 
By Dr. S. P. Woocw.bd, A.L.S. With A| V .i,.lii lj>- Ralhi 












Tliii.l K.liii, 



]-Mt.A.S., mti 



Asti-onomtj, 

ASTRONOMY. By the late Rev. Robkrt Mats, M.A., F.R.S.. 

■ ■. ; . ■ ■ ■ . : : ■■ ■ , 

:..■ B ■ ■ >ba rvatory, Giecnwi' 

-Accurately bwunni down to Vk requirements of the prnwnt luua."— Ad 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY. PHYSICAL 

AMI HISTORICAL. Con'Miiia nr ■■ 1'Li V:-i ■■.. I '";.■..:.,.:>,- wiivli « li 1„riU 



, oftta 






ti T»te, A.L.S., F.G.S., So., Ac. 



,1 in.- H[il 



:;>; Illustrations, iinio, 5: 



Geology and Genesis. 

THE TWIN RECORDS OF CREATION; 

Gtntsii: tlicir 1'tr/ttt Harmony ami WaiuttrtUI Cone 



CROSBY LOCKIVOOD &■ CO.- S CATALOGUE. 



Dr. LARDNER'S HANDBOOKS of NATURAL PHILOSOPH. 

V The /olioi.-ir./; Jr.;- wl.,1, tiwuah each <1 IBUfWf .11 ittllf. OH,' ' ' 

C JW«J ufarabjy, Jehk A Complete Couksb or N*tuiul Ph«.ds( 

77/E HANDBOOK 01- Ml r -CIIA\'JCS. Enlarged and almost re- 
written by Benmhin Loebv, F.K.A.S. With 378 Illustrations. Post Bvo. 



I 



1TICS. 



THE HANDBOOK OF HEAT. Edited and almost entirely re- 
written by Benjiuim Loewy, F.R.A.S., &c. 117 Illustrations. Pdsi Byo, *- 









T«£ HANDBOOK OF OPTICS. By Dionvsius Larcnek.D.C.L. 

formerly rVok^sor of Neural I'l,M.. sl -.pl,y and Astronomy in University 
College, Lomloii. Xh L.Ulit.n. V.<lacd i> v T. ( h.vm Haihiiso. " ' ' 
of University College, London. Will. jyS III us nations. Sui 




NATURAL PHILOSOPHY AND SCIENCE. 23 

DR. LARDNER'S MUSE UM OF S CIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by 

DrosvstL-s Laboskb, O.L.L., bvalLTlv rrolVs-aii ol Natural Philos«i.|:y :ir.:l 

Astronomy In I- nit i-rfL< v i. .|!.--, l.iiiMoii. Willi uvuvards of M'«' lintr.-.i- 

. ::...-.,,. ll*-.Y Alii ol..:;;,ti:lL lull', Luiv.!- 

Coiu'nu'j.- 






.v Ac-klmns - l'i.iuiikil Tiling: T" 




,;. 1 1. ..I'M.. .1 v.i.l.l, i.i, % . . ■ I . 
i.jc. Is -.1 11 ■;., rl.i ■ .■ ,:. 1 ', .'. ■ ■. ..:.!,.. I. 
■''!■> i" II.'- V .: ] 11. 11a. 1, .1: . 1 mry A:,.., „f „... :..[,.— bill 1 

*.' Separate buati fonneJ from thtabavt, su^u-.V .■'■■• l!'.'iiniL"'i tiirano, 

SriMM CIosjm. *e. 
('•ijiifhom Tiling* l-..riil,lliir.l. Containing Air, Earth, Fire, Water, Time, 

Tl'r Hirr:i*<-"f<-. C..nl.iiiiiiii; < 'j::r- il T-i, ,::< -. M l-.:i,,1\ ill': Glar.ses, Origin 

^■..l*:. Microscopic Drawing and Enslaving, \c. 117 lllustiitiluus. t lotti 

gill, «. 
raiiiiliii- iSrulri'in. Containing Earthquakes and Volcanoes, the CrusI of 

Ifie Earth, &c. iot LIluiiraiioi.M. cloth gill, ji. M, 
J"npn((ir rii/islr*. Conlainiiif; MitmiiinJn ami Minuteness, the Atmo- 

spheic, Mi-luuii.; St -, l'f.|.ul.,i- KiIIj. ■■,..5. Wc-ailicr Prognostics, ihl! 

T1ii:iiiki[ii,-ili-. ilit b amine let, Sound, &<-.. 65 Illustrations, cloth gilt, u. 6j\ 
Sleniii n»<I Hi r**». Including the Steam Engine, the Locomotive, and 

Steam Navigation, tin Illustrations, cloth gilt, a. 
Popular Astronomy Containing How to observe the Heavens— The 

Eirtlt, Sun, Moon, I'l.mcii, I .i s ht. C ....... ::., !.,-,, ■ . A i. ,n,i k'al lulln- 

ences, &c. 161 Illustrations, *j. LJ. 
Thy II:- and White Anlt I !'■■■' Manner! MIS lT...ih-. WW 

JTtr FJcttric Ttlryrilplt I'apatiirisr'l. 'I 



34 CROSBY LOCKWOOD <5- CO.' S CATALOGUE^ 

MATHEMATICS, GEOMETRY, TABLES, etc. 



?£ 



okv. I.1..1J,, I-Mt.A.S.. MnL.rj.-d ):v Eli ski I ,nv. C.I.. .|lh Edition, rav 

fully [Uvi.-.d l,v |. K. V.. 

College. With ij Plates, Bvo. £. 13. cloth. 

'-'t . 'i.' ..- n ^ L I . .--.-i . Tar.lniorl "l,i ^ii-r.- mi. I rvi.lv 1... !n- li.n.l nitc* Tur &f,L.ir,p nenrly pitry 
inhcniaikarduficiillj IIi.jl ;■ ..> ,n-.- ill In- |.r.i ti. -. I :■■ r il ■- ■„■ i ..-..-.■■ 

Metrical (nits and Systems, etc 
MODERN METROLOGY : A Manual of Ihe Metrical Ui 

an,l Systems 0/ the I'lisi-'il Ctiilnrr. Willi an Appendix containing a. pro - " 
lintilis-li Si-deni. By I.uh-is D'A. [ArKsus, A.M. Inst. C.L., Author oi 
toSurvry Practice,' 1 Sic. l.a rue crown Svo.iw. W.cloth. 



interested Ili the practical 




The Metric System. 

A SERIES OF METRIC TABLES, in which the British Stand- 

ardMcasuu II 1 fr-r S) ten 



Geometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for the Architid, Engineer an 

:,!, ■■.::.: I ■■ ■ .:. !■'. . ■ . '.!,.■ ' I. ■,-.: -n ,-.:! ■.-. h.\,! ■ :. ■ ■! ',,!., 

Cfomelri.iil l.iin.- I'imir.-s and tiinii Bv li. W. T.-.ior. M.A.. A rclinc-i- 

!>■: !.■!■: ■..■!!. Willi A;,;,, i 

dies on l';..::;rii.ra Sn,i=. .,,,.! l,on„::i>nl Projection, Willi 17: Illn 






Sjmooli. By Oli' 






Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION. 
expeditiously ascertaining Hie Value of any Goods bought or sold by Weigbr, 

ihluiiig'per pound? 'EME'TaUeexteails™ ™oii/ r [»iind , to r ioowns" To 

w-liitti ait:i]>!*-lid.i,l Uiil-.r. on DltiiiiiiIs, !■;■,. i.u-. and I ill.,- Knot, Mensural Ian 
of Sinin'iii,'i;s urn! Solid., *i". : "I.U.S.. s 01 Wci K lirs of Materials, and other 
IJsefnlMemoianda, By Thus. Dihvkie. 396 pp., V Strongly bound iMther. 



MATHEMATICS, GEOMETRY, TABLES, , 



25 



C'llctdtttor for Nvmbern and Weights Combined. 

THE COMBINED NUMBER AND WEIGHT CALCU- 

: .i :.■:'. 1 ■ ;,i .;:. . ,. .:■.:.-.■, 

a glance tl.e value n.421 Jiftere.it rales, rangin 

Any number of Ions, cwls., qrs., anil Ih; 






for the me of A . 

Shippers. Shipping Agents. G.-- 

Ironfoundrrs, Il,:issl.'lm,lrn, ■.It:,:- .If,,, I,a„ly, I , ::■:, M:l::u!iicl,:r C ls, /'■"•- 
ir.,M,-„~, Ejim ,,,, ,■,,. .«,(, Iiiji:i!s, ),;,;■,',',■ M.tkii'., M :■:-..■., .,»!■:. l-^.-jiug, Vrulge and 
Cird.r Sljkcrs, Colliery fropriiton, fre. 

\!:ll II.,';,-, ,:,i,i .'..'„■,::; ■j.li,-',r,o, .1,'::J >■ juj--.:- ' 

Cimml Wholesale Tradesmen. 












Comprehensive Weight CatetUator. 

THE WEIGHT CALCULATOR. BeioR i 
tSbu of any Weight J.om't *b°°io "o". ai' j.w Pio*' 






e addition imosily to be 

.ts* and promote despatc 
New Edition, carefully Ri 



Series of Tables 
iKc-firencetheeiacI 

itbTlieir 



Comprehensive Discount Guide. 



THE DISCOUNT GUIDE. 



; several Series of 



miss-on, I 

01 - I'lie 1 



at CaValiUor?" n! 
pp. balf-bound. f , 



v. .:!,■-,.. ,1 

"i;Vi':, 1 



rcfull} Kc vised and Corrected. 



10 feet by 5 feet 1 
foot of Iron of 1 






For J 

■:,ll,|.. 



f 40 lbs. to the sqi 
" horoughl, 

I:. ,ll-l. ,.■.„, 






CROSBY LOCK.VOOD &■ CO,' S CATALOGUE 
INDUSTRIAL AND USEFUL ARTS. 



Sonp-vitikiiiti. 

THE ART OF SOAP-MAKING : A Practical llandlmk of 
' ^--BriBB from Wast 



- 

sua* 




:'i: L' ■ 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 

Practical H.in H- .ok. in ivhidt lite Cr-Jralions of Tannine. Currying, and 

Leather Dressing arc fully Described, and rite Principles of Tannin- i:.- 

I'lairied, and many Recent Processes introduced; as also Methods for the 

:i .-■'■ ■:■■■-■ In, ot (. [ioilLnjj, Gut 

Metallurgy,'-' ftc. With Dutnerons tliiisiiVt'iiiis. Citwu'sV-o. ra. fid. cloth. 

Boo* and -S'/toe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, r^i-^i- 1- it r i : ■ a. Cuttiu K -Out, Closing and 
>bbc] iplion of the most approved Machinery employed. 

... . latclidilor of St ■•■■■' 
19 Illustrations. Croi 



and The Boot aai'Shoi-Makir. 



Dentistry. 

MECHANICAL DENTISTRY.- 
Constructs 0/ Ihi wfett (rinrfi of Artiftci 



By Chabt.es 11 
Wood Engravin 



A Practical Treatise on the 

1 Bmturts. Comprising also Use- 

1.1 Pljle, Clasps, Solders, ic.de. 
Revised. With upwards of too 
h. 

By Herbert 

■ ■■.■■ -.;■ : 



INDUSTRIAL AND USEFUL ARTS. 27 

Electrolysis of Gold, Silver, Copper, tic. 

ELECTRO-DEPOSITION ; A Practical Trcatisecn the Electrolysis 
of Colli. Silver, Copc-cr. Nickel, and other Mc1.il-, ami Alton. With descrip- 

ti 11- . : v. ■ .-■.:■• :■:■:. .-.1.. ■ ■■■ ■ . 1 . .: . . ,-,■■.: 

■.■,■'■.,'.:■.'. 1. ■/■■■'■■ 
. 1. Author ol "EI(clre-Metjllurty,""The An of Soa; iii..Uin l;.'" 

.\.;. V :■.:■ .-..; ■■%.-. C..'.,i.l. 

.',-:.'. . . . ■-',-. ■ ■■ ■ ■■■■■...:.■ :■■ ■. ::..'.■.■.■ .■ ■.. .■ ! 

■ l : .iniii''iiily 1 !■■■ ill. n- 11 contains n.Tnulc an.l 

■ '■,:■■■ . ■ ■ ■ . 

■ 

Electroplating, etc. 

ELECTROPLATING : A Practical Handbook. By J. W. Urqo- 



mectrotifpinr/, etc. 

ELECTRO! YPING : Tin Reproduction and Multiplication 0/ Print. 

in* •,urioe,io,::t Wo,--, ,■/ AX. f-i the Kicc<>o-iic,e-;iiicK or U.t.ils. ByJ.W. 
UmjuHAur, C.E. Crown Bra, 5s. cloth. 









-Electro-Mcfallurajf. 

ELECTRO-METALLURGY ; Praelicnih Treated. By ALEXANDER 
Watt, l-.lv :-"."■• V i.i-.hih i .:.!:■■ 11. :;■ ■. > .1, mi-, A.l.Ni:.-r,i: \'...:fr ,ir..l 
Illustrations, inclii.iiiii; I'll'.- : :■-. ii.j'.nt 1'ion-.'..:. i^mo, ^j. CI. clulii boiT.!:. 

Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, 

■ ■ d Edition, con skin r ably Enlarged. nmo, 3J. 6d. cloth 



Silversmith*' Hor/c. 

THE SILVERSMITH'S HANDBOOK. By George E. Gee, 
.-.■-. Second Edition, Reviled, with numerous Illustration., i-ato 



:....:,:!-V'-':':' 
"T.is.o.kfo.r 



*,* The abort teoo works together, strongly half-bound, price ys. 

TextUe Manufacturers' Tables. 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 
For the use'.i M.,.m'i-i,i,-,:, -. in 1. v, 1 y i.,i, ,;■, , 1 Ti'xtilu TuiJe. By Joseph 



•1 made of varying arights or finta 



CROSBY LOCKIVOOD &■ CO.'S CATALOGUE. 



I 



CHEMICAL MANUFACTURES & COMMERi 

The Alkali Tra-le, Manufacture of Sulphuric Acid, 
etc. 

A MANUAL OF THE ALKALI TRADE, including the 

Wanutacliire of Sulphuric Acid. Sulphite of Soda, and Bleichini; PowdM. 

B» Ions Lou.*, .llk^.i i:.i:ni1.i,:tunT. Newcastle-upon-Tyne and London. 
.... 

Text. Second Edition, »ith Additions. Super-royal Svo, £t iQJ- cloth. 

V Thij work provides (.) a Complete Handbook for in tendine Alkali and 
Sslpbiric Acid Manufacturers, and for tl ■ ,i who desire to 

™pme their plant, or to become practically acquainted with the latest processes 
and derekiptlHr.tf of she trade l;| a Haijv Volume which Manufacturers can 
pot into llie haodl of Ibeir M (old* in their Jail, 

rounds of duty. 

<P"tt^al»<»>*cliMibi-it3'£r*ili» puipm JnMnaiM titn-stoMii ilir ™scfir- 
....... . ■ :.■■;.■■ ; t., 



Commercial Chemical An/ili/si*. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or. Practical Instruction? for the determination of the Intrinsic ot 
' a. in Trades, and in the 



" ° D r M U "Noap"Vh.D.. 



en, liy 1 1 1-> 



Dye-Wares ami Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Proftrtla, ApplicUlcia, Valuation, Imfuritia, an.J SopkutfcaMau, For the 
useof Dyers. Printers, Diysatliers. Brokers. Ac. By J. W. 5UTBS. Second 
Edition, Revised and greatly Enlarged. Crown Svo. ;i. 6J. cloth. 



f.. eiuiintMos in Jyein. Ul l prtatat it wiU ,.ra« uceedrnjiy ii«fu[.-C*™™ 


Una. 


1'igtnents. 

THE ARTISTS MANUAL OF PIGMENTS. 

'...:..■}■■ ■ . ■::,... 

the most Reliable Test- ■■■: i'uritv. Toe: t her wish the Scien 
1 >e pantile nt si Eianiimsi. :: ■ M: ■■■:.. ■:;. v!i E'.imtmg. By H. C 
Small crown Svo, at. Gd. clotb. 


Show ing 

. ;„„! .Vi.if- 







AGRICULTURE, LAND MANAGEMENT, r 



AGRICULTURE, LAND MANAGEMENT, etc. 

Foit'ttt and Burn's Complete Grazier, 

THE COMPLETE GRAZIER, and FARMERS and CATTLE- 
BREEDERS ASSISTANT. A Cumpeo.lium of Hi.sl.nii.lry ; especially in 
the denirlmenti cenntcled ivilli the Ijreedini:. Ruin n a, Ktc-.lir,,:. .ui.l i.'.itivi »l 
•■•. : .: ■ ■ : . 

: ■ ■ ■. ■ ■ ■ I ■ ■ 







.■ ... ....■■■ 



Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Guru. 

Sftil'. Melius, and (.'.■ JW -Fnrmiu -.lli.l J ... Illi.l:; i: t »r,»„y C. ,:;!.., SI,.,,., 

.-.,].] t r-.r-.--i -M-.n- it ■ n. tii v. I 'its int.! 1'.,.,I[|, It,.:,,,,..., 

U-rigat ob. So. Sixdl Edition. In One Vol., 1,150 pp., tatlf- 



^Stiiall Farming. 

SYSTEMATIC SMALL FARMING; 



; of Neglected Firms, &c By Robe 
: ."»nd"Ed?iorDf"TnecJ:upi'cie'Gr! 



Tlii- Lawns of my 

1.- Miin.ij. I, ■,.,!, I ,,l th.- 

i;.:-..i.i.; II,. !-,,:i, ; , 



Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
risjpjj Draining and Kn.l .u.l.fi^i I: i n;.,ii,.i, :m.1 «:ii. i Stiii]. ly- i-'arin 



Coin priiina Drai: 

SSI"' 



'■■)"»:. 1. ■■-< .;, .■.-;■. in n..i. 

, l.tie I'to!,:-n>f ol A-riL-uhura 
.1 L'ollcae. Cirencester, &c. \c, 



CROSBY LOCKWOOD 6- CO.'S CATALOGUE. 



A Text -Book i 
ibo Science and Arl Depaitmei 
By HtiOH CUSMEKTs (Board 



and Valuer's rochet-Book. 

'J VALUER'S BEST ASSISTANT: Being Tables 

i Improved Han. for Calculating the Value of Eiiatei. Willi 
ucingScolch.il- ■ 

Hy K. HfUSO 



, C.E. New Edition. Royal jsmo, leather, 






Firtii-fs Land Iiitpi'orrr'n I'o'ket-Book. 

THE LAND IMPROVER'S I OCKET-BOOK OF FORMULJE, 

PtmaHt»tIiifi,'.. :: i:ti:i',''i'r.:-::i- i i : i'J r ,\ I : ," i''. v'j ,^1 1' J' hii'u! t,' Land Survejor 
itui] Asrinill.. ,' r... - ■ ■ -'■ ,,! Lilition, Revised. Royal 3? mo, oblong, 



Complete Aarinil 

THE LAND VALl 

■v, i .v.j HuiLi hound ,-.- 

Fa-rm and Estate Book keeping. 

BOOK-KEEPING FOR FARMERS A ESTATE OWNERS. 
A Practical Treatise, prti-viitiiii!, in T'.if,- 1'lans, a Si slum adapted to all 



ARM ACCOUNT BOOK. Giving 

Zrops, Live Stoek^Dairy^lcVW. " P \Vitb 

hi. :iii.1 ll.-.lsn-, S!i. ci in tiiuend of Itie 
Folio, 7 s. 0,1. ha if. bound. 



GARDENING, FLORICULTURE, etc. 



Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, 

Flowers, and V,i:ilai,l(-„ Willi l'l.,iis. and l^linintus fur Building Class- 
house,, Pits and Frames. O..1.1 = ;■;-.!■ ■ :,l- 1 Oii-in.,1 I'lan-for DoublcGIazing 
11 New MetliodoFGrowinglbaGoosebinyun,!, r(.;i.ia s ,ic. ftc, and on Venti- 
lation. P.iil.-n-Lini; Viu»: Iioidurs, \c. With Illustrations. 13y Samuel Wood. 



GARDENING. FLORICULTURE, etc. 



r. How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils. Manure*. 

. .V. 1.1 S. V. 
Third LJiriuii, wiii! tj:,rii!.l,-:-.it.l t : .A.M. ;■ 
Crown Btd, 5". cloth. 

■■ M...v ... 
.-.■■■I irn-.li.. 

Gainful Gardening. 

MULTUM-1N-FARVO GARDENING; or, How to make One 

Acre of Lanilproitlicrifcria-j'e.ir by the l"ii:uv.-)h..-.ri ...f I -.iii.i \-,.i;.l,il.k-i; 

also, J I oiv !■■> I I 111 t 

Fourth and cheaper Edition, Revised, with Additions. Crown Svo, n, sewed. 

Giti-di'iiiiii) fin' Ladies. 

THE LADIES' MULTUlt-IN-PARVO FLOWER GARDEN, 
and Amateur* CompMi Cuidt. Willi Illustrations. By Samum. Wood. 
Crown Bvo, ji. (id. cloth. 



Kitchen Gardening. 

THE KITCHEN AND MARKET GARDEN. By Contributors 
.„ ■ Tb: Garden." Compiled by C. W. Shaw, Editor of - Gardening. Illrts- 






', Flowers, Frtiitt, and Vi^t.ilUi fur 



AUCTIONEERING, E STATE AGENCY, etc. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEES, BROKER. HOUSE AND 
estate Ac, ;:.\r t\t) r.i/.M.;^ riiCKKr.i.ssi.sci.vr.fortheVaJua. 

.-■I ':'.:'.■. ■■'.' ,'-,,, ',:.'.'. '■.'.':'. r ; ■ ■ ■ .'„'.'. ',. , ..-. ■.; ■ . 

I-ilrb i;.liii..,n, listerukil by C. Ni,kns, Valuer. Sc. Royal j-rtio, 51. cloth. 

Auctioneering. 

AUCTIONEERS: Their Dulles and Liabilities. By Robert 

How to Invest. 

HINTS FOR IN VESTORS : Being an Explanation of the Mode 
... r.. Dtk Elc hanee. To which are adder! Com- 

ile of Quarterly Average prices of Consols 
London Daily Slock and Share List. By 
WaltehM. I'J.AVl.,1111, Swoio limber. Crown Bra. 31, cloth. 




Wtal?$ 20Ui&imetttara> £erte$. 

LONDON, 1862. 
THE PRIZE MEDAL 





A NEW LIST OF 

WKALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 



" WEALE'S SERIES includes Test-Books on almost every branch of 
:e and Industry, comprising such subjects as Agriculture, Architecture 
ng. Civil Engineering, Fine Arts. Mechanics and Mechanical 



brought up to the latest discoveries in scientilic research, are constantly 
Issued. The prices at which they are sold are as low as their excellence ir 
assured."— Amtr lea h Literary Gasettc. 

Amongst the literature of technical education, Weale's Series has ever 

lyed a high reputation, and the addiiions being made by Messrs. Crosby 

—-0OD & Co. render the series even more complete, and bring the infor- 

upoo the several subjects down to the present lime."— Mining 







WEALES RUDIMENTARY SERIES. 

WEALES EUDIMENTABY SCIEHT1TIC SERIES. 




:i« are freely lllnitrated witb 

e, where requisite. Tbrougbouc Che fol- 

Ljr.ilrritu^i] that the book* are bnnnrl in 

othniKiie staled; but the volumes mn>M 

t kad strongly bound in ctotk boards /or DJ. 






CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.K.l.H.A,, unj G. K. IIuksem, <_.)■. Kevi'sed Edition. Wilb a New 
Appenrlimn th.eQur.titi.-s ■.( W.n.r. Illustrated. 11. 

35. 7»£ BLASTING AND QUARRYING OF STONE, for 

Building and other I'ui' run iif Bridjjes. 

By Gen. Sir John Hi-iii.jvnp, Kurt., K.C.B. Illuunced. 11, id. 

43. TUBULAR, AND OTHER IRON GIRDER BR IDG £S,pa- 

ticnJarly daKrlbiof Ibe Brltamua and Coowij Tubular Bridge*. By G. 
Dbvsdals Ditinir, C.E. Fourth Edition. a. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remark)' on Footing*, Sand. CoDcrele, Beton, Pile-driviog, Caiasom. and 

( ■ ■: :■.!■■■ ':■:.■■ ..-■■.. l-i-ll, (■:,!!: ..n. is.c,!. 

60. LAND AND ENGINEERING SURVEYING, By T. BAKER, 

C.E. New Edition, revised by Bnwmo Nutani. C.B. 1st 

8o". EMBANKING LANDS FROM THE SEA. With example* 

and Particulars of actual Embankments, ftc. By J. Wiggins, F.G.S. is. 

St. WATER WORKS, far the Supply of Cities and Towns. Witb 

a De»crijiti..n of the IVin, ip ,1 Gnomical Formations of England ai in - 

fluenciuKSuirolinot Water: and Details of En gin eland Pump.-: 

loriairini Water. ■ I I Baatun. ,:■.:' 

118. CIVIL ENGINEERING IN NUKJ7I AMERICA, a Sketch 

IRON 1 BRWGl 

WORKS. ByFitA 

197. ROADS AND STREETS SINE CONSTRUCTION 0F\. 

By H»NKY LAW, C.E.. .f.i?.-,] ..ml rnlnr ;,-.] I.tII. K. ClJHK.C.E., inciuiin; 
:..■■■■■ ■ ■ ■ 

:oi. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGIS. lirC.Si.A.1.-., A. M.I. '-.I'.. K-^-.-A K.iiiioo. l»J 

111. GAS-WO ■.- RUCTION AN!) ARRANGE- 

MENT; and the Mann fan ura .-.ml Ditlribotion of Co.nl Gas. Originally 

written hv S.mi-11 Ml'iIHI'^, C.E. Ki'-W! ::.'•■'■ ■■''! fi\.:u.;J bv WlIIIAS 
. S s."tjd.I 

^ Treatise on the fin^iiiceniir; 
Operatious CODnectrd Kith die Settlement of Waste Land, in New Cooo- 
irtei. By Edwaiiii Dobsos, Amdc. Inrt. C.K. 4s- 6d.l 
216. MATERIALS AND CONSTRUCTION ; A Theoretical and 

Practical Treatise on the Strains, Ili'signini;, anil hrn-lion of Works of Con- 
struction. I'.v i-K.iii.. L'M-niv. CI-.. 'Sr-. „ii,i Edition, revised. «J 
219. C/C7£ ENGINEERING. Bv Henky Law, M.IiuL. C.E. 

Including Hl-DRA Elin ..■::': V G*0. R. MrMMtl.I. M.Itltt. C.B. 

Seventh Editii.n, rei-ise.1, «■■ :h luge .1 ■!■!■:'. ti , by 1.1. Kia'«1««- Cut". 

MJoH. C.E. '■■>. ■:.!.. CI .il-b.-ir.Ts. 7 i.M. 

»T /*» 1 uMAeato IW ««e ™>, ■»> (. Surf iAnp> bound*! ad. *&*■ 
LONDON : CROSBY LOCKWOOD AND CO., 



WEALE'S RUDIUEMARV SERIES. 



MECHANICAL ENGINEERING, ETC. 

a of, and other Machinery for Rai 



;. CRANES, the Const] 

. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
i. STEAM BOILERS: their Construction and Management. By 

ft. AkmstrossC.E. Illustrated, is. od. 
. THE POWER OF WATER, as applied to drive Flour Mills, 

and to Hive motion to Turbines, Sc. I'.y J^i-i-ii (i;.v..>, F.8.S, u,t 
:. PRACTICAL MECHANISM, the Elements of; and Machine 

Tooli. ByT. Baker, C.F., With Additions by J. Kasuvtii, C.E. as. 6d.J 
.. Tilli STEAM ENGINE, a Ticatise on the Mathematical Theory 

of.v.-ilhRuU-sandE.amplesior Practical Men. ByT. Bakkb, C.E. is. fid. 

. MODERN WORKSHOP PRACTICE, as applied to Steam 

Engines. Hridrjes, Cranes,. Ship-building, Sr. By I. U. ttl.vras, Js.t 
;. /A'tAV .-IA7J HEAT, exhibiting the Principles concerned in the 

../. ■;.■■■ ■ . ■■■■..'■■■:.■' ' 
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WORK MA. 



DrivinB linnili. anil -\:i CT ! .'I'lirrc. Ilv |. Asitrnm, is.Sd.t 
OMAN'S MANUAL VI- ENGINEERING 



0, STEAM 

Portable. By Jons Seweix and I>. K. Cum, M.I. C.E. js. Sii.t 
J, FUEL, its Ctmiiiu.imn and Kconomy. By C. W. Williams, 

Willi Recent IV,,. .i. ■ ■ in lb- C nil. iislmii an'.] I'cra.'imvoi Fuel -( 'i..,l. Coke, 
Wood, Peat. IV.,<,I, ..:,'. s ,-.-(■■.■ I). K.. Clark, M.I.C.E. 3 j,5d.l 

1. LOCOMOTIVE ENGINES. By 17. P. Demi's™, C.E. ; with 

Ijr^-Miilliti.MKbv l>. KlSS^A!! t'LAKX, M.I.C.E. J»,t 

1. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Wotk. By Jon* Coi-BTslY. 

-. SEWING MACHINERY: Its Cixi-lmai.ii], IIl-Iuit, ic, with 

full Technical Directions for Adjusting, 8.C. By J. W. Urquilart, C.E. as.! 
3. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forcing, Tools, Workshop Machinery. Manufacture of 

the .Steam Mncir,,-. *,.-. P! V l's.,w:s CAMnN. C.K. as. fij.f 
., DETAILS OF MACHINERY. Comprising Instructions for 

IneE.ecntion.ifvarion. Work- ic I,.,-. Hv K Ft amis Canipis, C.E. jj.t 
-. /'///! SMITH V AN/1 /■ORG/-;; in.lu,!,-,- tli,- Farrier's Art and 

Coach Smithing-. By W. J. E. Crave. Illustrated. as, 6d.J 
i. THE SHEE T-MF. TAL WORKER'S GUIDE: a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, Sic. Willi 04 Diagrams and 

Wi.rkina Pair,.™. I'.v W.J. E. Chass. is. fid. 
■..STEAM AND MACHINERY MANAGEMENT : with Hints 

on Construction and Selection. By M. Powis Ralk, MXM E. is. fid.* 

[.THE BOILERMAKER'S READY-RECKONER. By T. 

Couktmy. Edited by D. K. Clark, C.E. 45., limp; 5s., Iialf-bound. 
;. LOCOMOT/t ■/■; ENGINE-DR/VING. A I 'radical Manual fur 
Engineer* in . h.,1-.- <,| I i,r,,.,i,.,i in- Kn K ines. It. MlCHABL Keynoi.i.s, M.S.E. 
Sevnnth Edition. ;(. (il.. limp ; 4s. 6d. cloth boards. 
1. STATIONARY ENGINE-DRIVING. A Practical Manual for 

".. !'■'■■:■■ "!' >i-l ty ['liRiiKv;. Fiy Michabl K1iY.M0r.u3, M.S.E. 

. ;-. M. !;-,:;> r !■■.'. t. .-loth hoards, 
i. IRON PRIEGES UV MO/iEItA-TE SPAN: I heir Construe 
. By Hamilton W. Fkumkb, Uta luprtMi of lm. 



..,ll 1 ,.S.,li,,r.H-..r, 
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7, STATIONERS' HALL, COURT, LUDCWiS HILL, 



MI.fi EG, METALLURGY, ETC. 

4. XLXESULLOGY. » 

_ "." ..;■_ . . .".v.:. .,■ :■.:-- 

r r I »t.f—wlI.«iPi,CJ. Ulnttated. ii id. ! 
133. METALLURGY OF COFFER ; za l&rxocaoa to tie UcCiodx 

-.■'.-. ' " ■' . . :■--""::':"' J _1 ■"'■'■ 

135. ELECTRO-UETALLUKGY; PraakaDj Ti=ued. By Alei- 

■ ■.:.-.-; 

IJS. MINING TOOLS. Ua=B2l oL Fee tie Use of Hue Manager*, 

lr», r .n Inn. fcr_ Brliuiil 1 — — "- 

IJ*». MZNLXG TOOLS, ATL AS 1* E 

T-.. MOXdLZ '-'-' ~V .V" AOH* 1 

:-. !(—::■ !*<■■■; it- --■ 

-• .: 1- ■ m* r~ L 

w^^itliTTi S"-J 

iSa COJZ AVB fOJZ MINING. By WiussTOT "W. Surra, 
195. 7HE MINERAL SURVEYOR AND VALUER'S COM- 

..'-:.:■ J : . ; ■.-..., i 

lntnDBO&: ib » ft eC «I B U ft ■ lijfcj af Lajiae; Pat aid Tilting M.r.Til 
ri ap atn Pr Wdluak L llim , I t a na g ud Cml E4£ineer. 55. 6d4 

M*. SLATE AND SLATE QUARRYING, Scientific, Practical, and 
fi— 1 1 i il Pj D. C. Finn, F.G.S., Ulnine Eajiaeei, *c. ji.J 

»jd. MAGNETIC SURVEYING. AND ANGULAR SURVEY- 
. K^csxii of tie Pnnliaritia of Nee&e Diiiurtsncej. Compiled 
srw the tt **■>*» af cardvBj made Rwpen nonta. By W. Llvi? je n . a, 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— The Orders and their .Esthetic 

Pimento. Br W. H. Liezs. IUutrated. il 6d. 

17. ARCHITECTURE—STYLES— The History and Description of 

the Styles ef ArtkiBectiiie of Yarioni Countries, from ** - " 
Prau Period. By T. T.t«i Bnv, F.R.I. IS.A., ic. 

- ." Oinea-i A.TD SI13B OF AjrtHrrtCTL-RE, /■ One V' 

18. ARCHITECTURE— DESIGN— The PiinripL 

Architecture, ai Reducible nroa Nature an i eiercplific*. _ .. 

■. .-...■. : .-■;■ . 

'.• Tic Ikirt frxctdnwr H'rril. iW Ow AtndtinH Co/., Aa#" fwrj : cmtiUnt 

It. THE ART OF BUILDING, Rudiments of. General Principle! 
of Construction. Materials roed in Building. Strength and OH of Materia!*, 
Working Drawings, Specifications, and Estimates. By E. DoRSON 15 1 

15. MASONRY A XD STONECUTTLNG : Rudimentary Ttcalise 

on the Principle! of Masonic Projection and their application to Con- 
struction. By Edwaud DoBSOK, M.R.I.B.A.. Sc as. 6d.J 

41. COTTAGE BUILDING. By C. BsrcF. Allen, Architect. 

Tenth Edition, levised and enlarged. Witn a Claiiit-r ■ a Eonciniii- 1 ,!!-„■ ii 

for Allotments, by EmvA^E. AW-. CH. :-.. ' 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, to By G. K. Bitbhell, C.E. Twelfth Edition, it, 6d. 

I«r 7^J I indicate that tfige ■*■&■ w y. ./■;.' 6V. «*«. 

LONDON : CROSEY LOCKWOOD AND CO., 



weale's rudimentary series. 5 

Architecture, Building, etc., continued, 

57. WARMING AND VENTILATION. An Exposition of the 

General Principles :1 s : m ,1 1.1 Domestic and Public lluildinss. Mines, 

Lighthouses, Ships, S.C. By C. Tomlioson, F.R.S., &c. Illustrated. 33. 



116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principle! of the ScLE!iirr<il">-mi.lri::-|)lii- l llr.ll.,-[iHr] .(i .-ts of ttie-Arcbitectand 
BniWer. By T.RtKir.it S.miiii, M.K. 1.11. A. .Architect. Illustrated. n.6d. 
1*7. ARCHITECTURAL MODELLING IN PAPER, the Ait of. 
By T. A. RICHARDSON Architect. Illustrated, is. 6d. 
. VITRUVIUS— THE ARCHITECTURE OF MARCUS 
V1TRUVIUS FOI.l.O. In Ten Books. Translated from the Latin hy 
Joshfh Gwilt, E.S.A., F.K..A.S. With sj Plates, js. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
ofileaolyin: wit* u 1 1 i-i.i lul \ ie.v of tie Rise and Profitess of tho Art in 

>;., i>.- 1 1 y 

,*TMfhi i>r CC i I h.tmi,tniitled"hs«M.-9t 

131. THE ERECTION OF ^DWELLING-HOUSES. Illustrated by 

a Perspective. View, Units, Kl.-v.i: : : -,sis. Jr.. I Sci.lictn of a pair of Semi- 
letachod Villus, with tli-i Spec ..■■.•■..,: fistimatos, &c. By 

S.H. Brooks. K,: w fiction. w=-.?t Plates, !5. 6d.t 

156. QUANTITIES &■ MEASUREMENTS m Bud^yms', Masons-, 

PlMten'rs',]'liirHh?rs-. r.iini.-rs'. P.jp.-rh.njf.TS'. Gilders', Smiths', Carpenters' 
„nd J..i[;e:s' Wr-ifc. )■!■ A.C. ill. 11. .■•■..- ,-v..'. \.-.- !■:,;■. '. : ,,r,. rs.fic!. 

175. LOCKWOOD &■ CO.-.S BUILDER' S AND CONTRACTORS 
PRICK BOOK. 1 ml 1 ■■'! fciiutsof Builder.' Materials 

ami [id,,.,- ami 1.: .i!l lr;, ■!■■■: ,H .n^.-. ;.■■ L w.tll liiliMii,;. Si" . 1 

by K. T. W. Miller, Architect. Published annually. 33. 6d. ; half hound, as. 
1S2. CARPENTRY AND JOINER Y— The Elementary Prim- 

piktbv. Chiefly composed from the Standard Work of 

.old. C.E. with n ii;i:i|[si: <:>s iuinery by E. 

WnnuiJy Taji, M.A. Fourth Edition, Revised. 38.611 
181*. CARPENTRY AND 70INERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 410. 6s. 
185. THE COMPLETE MEASURER ,- Hie Measure merit of Boards, 

Glass. Re; Unequal -sided, Sr :,:-.:.l d, ft.-,..;, .r.al-si.le.l, Hound Timber 

and Stone, mi.l M.-.iidin:; limber. &.-. liy KltilARU tlomoM. Fifth 

Edition. «s. ; stronely bound in leather, 51. 
1B7. HINTS TO YOUNG ARCHITECTS. By G. WlOHTWtCK. 

New Edition. By G. H. GoiLUtno. Illustrated. 3'- &U 

188. HOUSE PAINTING, GRAIN' ■" -, AND SIGN 

7 .-with a Course of Elementary Dnnvini; for Houso- Painters. Sibt.- 

ii,l .-i C.,;i.vti,,:i of T.i li.l Ker.oipt.. Hi- Hi us A. Davidson, 
. With Coloured Plates. 5 s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

'-=.-=----—,: Goner:, I Principles: A.c.c. l.H nvvin E , Cutting, and Sotting J 

im;, Tiling, Jlaleri.iLsi !-.l:ilin B ami Plastering; Practical 

usuration, ft,-, llv Al.mi llAii-ic-Ni.. Sisth Edition. is.6d. 

191. PL UMB1NG. A Text-Book to the Practice of the Art or Craft of 






the I lumber. With Chap 



a £ e. Fourth Edition. 



upon Hoi 

With 130 Illustrations. Hy W. P. IIccha*. 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUillE. By R. E. Graxot. 3s. t 
206. A BOOK ON BUILDING, C:vil >t>:>l I-:,;h-,. : .,,./i.:<i!, including 
Church Rf.sti E.t::nv, Willi [lie Theory of Domes and tlie Great Pyramid, 

(.,:. |!y Sir I im-mi Hi-n-i n.Knrt.. I . [.. I '.. •■•.'. .. V. !■: .A -S. 




WEALE*S RUDIMENTARY SERIES. 



Architecture, Building, etc., continued. 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. "With upwards of 160 Engravings on Wood. 3s.! 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, zs. 6d 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, 8cc. By J. W. Facey. zs. 
257. PRACTICAL HOUSE DECORATION A Guide to the Art 
of Ornamental Painting, the Arrangement of Colours in Apartments, and 
the Principles of Decorative Design. With Remarks on the Nature and 
Properties of Pigments. By Jambs IV. Facey. 2s. 6d. 
%• The two preceding Works, in One handsome Vol., half -bound, entitled" House 
Decoration, Elementary and Practical," price $s. 

230. HANDR AILING. Showing New and Simple Methods for finding 

the Pitch of the Plank. Drawing the Moulds, Bevelling, Jointing-up, and 
Squaring the Wreath. By George Collings. Plates and Diagrams. is.6d« 

247. BUILDING ESTATES : a Rudimentary Treatise on die Develop- 

ment, Sale, Purchase, and General Management of Building Land. By 
Fowi er Maitland, Surveyor. Illustrated. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 

252. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 
Walker. Second Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 
289. Brick and Tile Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 
252. ing, by A. Hammond : Brickwork, by F. Walker. 550 pp. with 270 Illus- 
trations. 6s. Strongly half-bound. 

253. THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 

IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis Bale, A.M.Inst.C.E. 3s.* 
250. CIRCULAR WORK IN CARPENTRY AND JOINERY. 
A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings, Author of "A Practical Treatise on Handrailine." 
2S. 6d. [Just published. 

259. GAS FITTING : A Practical Handbook treating of every 
Description of Gas Laying and Fitting. By John Black. With 122 Illus- 
trations. 2s. 6d.t [Just published. 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By George H. Bi.agrovk. is. 6d. [Just published. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Peaks. Fifth Edition, with Plates and Diagrams. 3s. 6d.f 

53». SHIPS FOR OCEAN & RIVER SER VICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
53*». AN A TLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c, relative to every class of vessels. By Robert Kipping, N.A. 2s.J 

54*. IRON SHIP-BUILDING. With Practical Examples and Details. 
By John Grantham, C.E. 5th Edition. 4s. 

%£S~ The % indicates that these vols, may be had strongly bound at 6d. extra. 



LONDON.* CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



Shipbuilding, Navigation, Marine Engineering, etc., cont. 

55. THE SAILOR'S SEA BOOK: & Rudimentary Treatise on 
Navigation. By Jambs Greenwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. By W. H. Rossbr. 2s. 6d.J 

80. MARINE ENGINES AND STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by George Carlisle, C.E., Senior Surveyor to the Board of 
Trade, Liverpool. 4s. 6d. limp ; 5s. cloth boards. [Just published. 

83 bis. THE FORMS OF SHIPS AND BOATS. By W. Bland. 
Seventh Edition, Revised, with numerous Illustrations and Models, zs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 
and Sails of Steam Vessels, &c. nth Edition. By R. Kipping, N.A., 2s. 6d.t 

155. ENGINEER'S GUIDE TO THE ROYAL & MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. M'Carthy. 3s. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
Sc Sea-Book. By Jambs Greenwood and W. H. Rossbr. Together with 



9rM the requisite Mathematical and Nautical Tables for the Working of the 
™" Problems. By H. Law, C.E., and Prof. J. 



R. Young. 7s. Half-bound, 



AGRICULTURE, GARDENING, ETC. 

61*. A COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT OF LAND, &c. By A. Arman. Second Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. 2s. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modern 
Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS, MANURES, AND CROPS. (Vol. 1. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 31. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modbk* 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
* # * Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled " OUTLINES OF 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.f 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.| 

201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glennv. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

zation 0/ Farm Labour. By R. Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. 2s. 6d.t 

%• Nos. 207 6r 208 in One Vol., handsomely half -bound, entitled " Outlines OF 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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xrf. THE HAT AND STRAW MEASURER ; Bam^X** 

ir ae - se if * u -iu ii r-uL * a.ram Farmers* Hay ami Sczav TV»»i— » Ac. 
3? Jokt i-," ia:.*. Jnra ^.nnniT. as. 

STETR3AN FARMING. The Ijms&aat ad Coltmtioii of 



axmPtgs. 2y r-=xc iTH^ -f3LLjaDanilK. Scctt 



t$u THE ART OFGRAJTIXG AND BUDDING. By Chailk 
232- COTTAGE GARDENING; or. Fjowos, Frctts, and Vegetables 



E»T. 



133. GARDEN RECEHTS. E5t=d by Chahxs W. Qunr. is.6<L 
23*. 22S KITCHEN AND MARKET GARDEN. Compiled 



239. DRAINING AND EMBANKING. A Practical Treatise, em- 

S«3CT~££ ae 3XCSC -"ri-w^ ' ^^ >w - ^ ^» Xy pEa-afaot fltl wpmi^ If ^ f^ ^ . 

Et ^rss Scctt. Ia=e Prctiesscr ct A^rurujExre axed Rural Ecooony at the 
Rjyal Jug^ca^ca: CcZege. Chrmcescer. Wis& 6d IHntrasioas. xs. 64. 

Z|Q. IRRIGATION AND WATER SUPPLY. A Treatise on Water 
Meadcm*. Seanp- Irrigator. Warpcaj,. Jar. : oc die Construction of Wells, 
Fcofs. ir-i Reservicrs : and cu Raising Waaer fcy Machinery for Agricul- 
tural a.Tif Z-cniesdo Purposes. Bj Prct. J:h* Scott. With 54 IHus. xs. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise tn th-i Reads. Tramways, and Waterways cf the Farm; the 
Prix:ipl*s oc £=*:I:s^r»s: an-i the dl£ i » r g nt kinds of Fences, Gates, and 
Seles. £7 Prcfesscr Jest Scctt. With 73 Elcscraiions. xs. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary ftr -.ari;-zs kinds of Fam, therr Arrangement and Construction, 
r > -"*-^ : -3 Plans and Estimates. By Prcf. John Scott. With 103 IIlus. as. 



243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Poorer to the Operations^ of Agriculture ; and 
02 varices Machines ased in the Threshing- barn, in the Stock-yard, and in the 
Dairy, fcc. Bj Prof. J. Scott. With 125 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Sunrejing, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 
• # * Nos. 239 to 245 in One Vol., handsomely half-bound, entitled "Thb Complete 
Text-Book of Farm Engineering." By Professor John Scott. Price tzs. 

250. ME A T PRODUCTION. A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d. extra. 

, 

LONDON : CROSBY LOCKWOOD ANT) CO., 



WEALE S RUDIMENTARY SERIES. 9 

MATHEMATICS, ARITHMETIC, ETC. 

31. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and tl.o Methods of Testing, Adjusting, and Using them 
are concisely Eiplained. By J. F. !i,:.\ 1 ■!:!:.."■! .'■... ■ L Royal Military 
Academy. Woolwich. Original Edition, in . vol.. Illustrated, is. 6d. 
% - In ordering! k- " ",:,:;! k'< !■■■'- .'.'' '■ '.' ' t.Vfl. iz), to distin- 

guish it fnwi Ike Huh >o.l luh'z,,; [:»i. i A'cs, .08-0-JO.) 
lb. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
withaTheorr . i SI:.iJ-m - nu.l of P<-r.i]i.-<-'.;ii\ c.lr ;l ,„,l :V nnl tho French of 
G. Mongk. To which is added, a .h-:-ii-riii>io:i ..' 
of Isometrical Projection. By J. F. Kbaiher., M.A. Witt 14 Plate*. =*. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground, liyl- K. MiiMtim. M.A. YVitlw.J Woodcuts. 21. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. Uy Jamjs Haddoh, 
M.A., Arithmetical Master of King's Coll,-,: S.-'acd, I.-.odon. IS. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with fuU Eiplana- 

ProfenorJ.il ■■■ ■ ■' aaedT^nLst 

V. A Kav to the above, containing Solutions in full to the Escr.-ises, to K elher 
with Cornmi-nts, Explanations, and Improve! Processes, for the Use of 
Teachers and Unassisted Learners, iiy J. R. Young, is. 6rL 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

. —ir- , A ; with various Tables by 



With Append;,. <-or,taimn S miscellaneous Investigations, and a Colli 

of Problems in various parts of Algebra. Is. 
!(i».AKsvs^l ■■ I ■ -i.-m^ancitensiverepositoryof 

Solved Is.-.! ■ ■ 1, Ulu :;;< A the various Expedient* 

necessary in Alirubraica! Oii.-ritk.ns. Hy T- R. Yousft is. 6d. 
88. EUCLID, The Elements of : with many additional Propositions 
8q and Explanatory Notes; t" stUdl I- ptflsll .i. :..-. J. ire.luctury Essay on 
y Lotfc. ByH./ B YLA W ,C.E. zs. 6d.i 

•.• Soldnla ,cfara/e/j, via. .— " 
88, Euclid, The First Threw Book'. »■■■ Himiv Lav. C.E. is.6d. 
•s, El-CLID, Books,, J, 6,11, 12. llyHsvav LAW, C.E. IS. 6d. 

•■■■. ax.:/ iv. . v ■ \ ;ry and conic sections. 

By Jamis HAKif. A NewEdition,byProfessorJ.K. YOL'SG. ss.t 
91. PLANE TRIGONOMETRY, the Elements of. By JAMES 

H*NV, formerly Malllfmatii-al Masl.-r <,f Kind's College, London. IS. 6d. 

91. SPHERICAL TRIGOXOMF. TRY, Hie Elements of. By James 

HAH*. Revised by CiTAni.rs >!. IKm-nso, C.E. IS. 

•.• Orst'/M " Ik,- t:hr.,.,h i.fl ■;,:•■■•■ rrisrHOHtW i: One Volume, IS. 6d. ' 

93. MENSURA WON AND MEASURING. Willi the Mensuration 

and Levelling of Land for the Purposes of Modern En R i nee ring. Hy T. 

"m, C.E. Ne-" J " 

PER EX II. 

;...!■..-->-, f.K 






and Levelling of Land for the Purji. 

R.Eis, c.e. x.-v !■,: 
. DIFFERENTIAL CALCULUS 



ULUS, Elements of the. By W. S. B. 
.s. fid. 

■ '/ CALCULUS. Ri:<li]r.e:itaiT Trti.iti^ on the. By 
H0MBH5HAM Co., H.A. Illustrated. IS. 
105. MNEMONICAL LESSONS.- 
Tkicokomethv, in Easy Mnemonic 
PlfrVHCTOH KutXWAW, Sl.A. is. fid. 

136. ARITHMETIC, Rudimentuy, for the Use of Schools and Self. 

Instruction. By James Hai.i.ov, M.A. Revised by A. AnHA*. is. 6d. 

137. A Key 10 ' : 'i n. ByA.ABKAH, is " 
fg- Tie i indicate: that these wis. maybe Aaj 1 tmny l.r iou'id at id. exl 

7, STATIONERS' HALL COURT, LUDCATE HILL, E.C. 



IO WEALE's RUDIMENTARY SERIES. 

Mathematics, Arithmetic, etc., continued. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing—I. Instrument, employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Map. and Plans. 

,niihn ! f"i?Cro.iMr' l i'tations.' l ^rT- F. a HaArHKHlM.A. e iHa^Sd. a i<.6d t 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes. Microscopes, and Apparatus fur producing copies of Maps and Plans 
bv Photoeraphy. Uy |. I', iltvititn. M.A. Illustrated, is. (id. 
(JO. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including- 1, Instrument! Used for Determining lie Geometrical Feature. 
ofa portion of Ground. II. Instrument Employed in Astronomical Observa- 
tions. By J. f. Heatiif.x, M.A. illustrated, is. 6d. 
•_* 7"A* gfc-2'? M™ volume* form an enlargement af tke slutfor's original work, 
"Mclkimat, Stria.) 

,-,.,.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER, 
nVf M.A. Enlarged Edition, Tor the roost part en li rely re-written. The 3 Parts as 

' ■ v.---.- .. ■ i- .::, .- oo«, ,s.6d.t 

15S. THE SLIDE RULE, AND HOW TO USE IT; containing 
fall, easy, and simple Instructions to perioral all Business Calculation! with 

LiufM.Hplccl r:, ;>„;■!■,■ and r:..v. Uy CFIARIES I IoAHE, C.E. Fifth 

Edition. With a Slide Rule in tuck of rover. is.fid.l 

196, THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES; wilh Tables of Logarithms for the more Dilficult Computations of 
Interest. Di... ■...::,!. Annuiii. -., .'..-. I'.y Esnort TllOWAK. «.t 

199. THE COMPENDIOUS CALCULA TOR . or, Easy and Concise 

Methods of Performing the various Arithmetical Operations required in 
Commercial I . 1 Tables, By 

D.O'Gorman. Twenty - nvited by C. Noams, 31., 

204. AfATHFMATIi'.i.' . i . .-■nometiical, Astronomical, 

and Nautical CI, ul.-UHms ; I.) which is prefixed a Treatise on Logarithm!. 
By HsjiSv Law, CM. T,. B i-tl»r with a Series of Tables forN^viaat:™ 
and Nautical Astronomv. Br Prof. |. 14. \ oi'v.",. N.-w Edition, is.l 
30i". LOGARII11MS. \\'-.\\ M njoKiiU.icii T.ililt. t- r Trigonometrical, 
Astronomical, andN-aiitK.iH..,:,i: di-ns. Hi- J Ik amy I ,\w, M.Inst.C.E. Now 
and Kci-isr-d K.l a., in..- pari of the above Work}, is. 

Ji(. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and .id Analysis: of the Chris- 



imp).' Algebraical Eouat 

■ ■ 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 
t. CHEMISTRY. By Professor George Foitnks, F.R.S. Willi 

as Append altars, is, 

1. NATURAL PHILOSOPHY, Introduction to the Study of. Br 

6. MECHANICS, Rudimentary Treatise on. By Charles Tosi- 

lastm. Illustrated, is. fid. 

7. ELECTRICITY; showii - - Qf Electrical 

Science, and the purposes to which it has been applied. Bv Sir W. S\..ii? 
Hakkjs, F.R.S., s.,-. Will, Additions by K. Sabin*, fJ.F... P.S. A. u. 6d. 

T. GALVANISM. Bv Sir- W. Snow I-Lykri-. New Edition by 

Robrrt Sarish. C.E..F.S.A. IS. 6d. 

e i/,i/:iv,7 , /i'i/. 1...: .-.-....-;. .^ v^,^,-;,;.,.. ^f .1,- j-^...,.~-.1 p.4n_ 



WHALE'S RUDIMENTARY SERIES. II 

Physical Science, Natural Philosophy, etc., coiiiinutd. 
u. THE ELECTRIC TELEGRAPH ; its History and Progress ; 

with Descriptions of sorneof the Apparatus. ByR. Sabinb, C.E., F.S.A. js. 
IS. PNEUMATICS, for the Use of Beginners. By CHARLES 

Tohlikson. Illustrated, is. M. 
-,1. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. IVoouiwiro, A.L.S. Fourth Edition. With 
Appendii Ly liALrn T.vn-:. A.L.S., F.G.S. Willi numerous Plates and joo 
Woodcuts. 69. 6d. Cloth boards, ja. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Tiivsnb I.vss. B.A., F.R.A.S. a. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 
OPo^ferDM, ' B ■■■■' ". iiViii-.n'.' l i:.E. is. id.™ a " CS ' J r ° rniL01 " s ' an 

138. TELEGRAPH, Handbook of the ; a Guide to Candidates for 

Employment in llie Tclecraph Service. Hy K. Bono. Fourth F.ililiun. 

Including 11 ..:,:! l';., L tii-al Telegraphy, 

by w. McGrksob. js.j 
17J. PHYSICAL GEOLOGY, partlv based on Major-General PORT- 

tOCK-'s "Rudiments ot Oology." liv "Kai.vii Tatk, A. L.S..SC. Woodcuts, a. 
174. HISTORICAL GEOLOGY, partly based on Major-General 

I'OSILOCK-S" Rudiments." ByRAirnTA.n, A.L.S..&C. Woodcuts, is. 6d. 
173 RUDIMEXIAK Y TREATISE ON GEOLOGY, Physical and 
1 Historte.il. lvt.lv ii.-.l Lit J[i.j...-(i..-...i-,il Ion 1,. TEi's "Rudiments o) 
174. Geology." KvKai.™ T.vnt, A.L.S., F. U.S., Sic. In One Volume. 4 s- 6d.t 
183 ANIMAL PHYSICS, Handbook of. By Dr. LaidnkR, D.C.L., 

& formerly Prof.-s:.or r.f Natural Pilii.jsor.V ;.:'.<] A.-,,,:n,-.iiiv in ("nr-n :itv 

,B, College, Lend. With sin Illustrations. In Ono Vol. 7 s- M., cloth boards. 

"*' V SvUalx,i«Tw Paris, as follows .•- 

Ifij. AmHAI. Puviiii-H. I 1 -.' Pi. l.niiiMi;. IV t I., L'hanh-rs l.-VII. 4s. 

iSj. Ahimal Physics, HfIlr.LARL.Mii-. Part II., Chapters VIII. -XVIII. ji. 



Adapted to Young 



69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous F.iamphs. By QuRUM Child StlBCUL as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 

69.71. MUSIC tV THE PIANOFORTE. In one vol. Hair bound,^.' 
iSi. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, \\\;t,T Colour, Waier-Ulass. IVnip.-i 1,, Idealistic, Miniature, 

IVutine 'in l.r.iv. V--1I-. 7'oti ■... 

Sfcet, hesof tit,- I'i.,-, --..- ij .'in l.v In m.jsJohw Guli.ick, assisted by 

l36. A GRAMMAR OF COLOURING, applied lo Decorative 
Fainting and the Arts, liv GiiOKii Fif.it>. N.ih Edition. erdarEcd and 
adapted to the Use of Ihc Ornament..! i'.i..-. r iitI i ... -.iitner. By Ellis A. 
Davidson. With t»r. m-w I '.■! .uml [)i:.:ii;.ins, s.c. js.( 
A DICTION AR V OF PA INI EPS, AND HANDBOOK FOR 
pn -ill; l AjrAiiin;^; ii-,,;,.,];,,,.- m. ■■.::. „i, . r iVntin,.. ( V;.„ir. k -. r 

limnu -md K.-.l. ..in;:, ."--.-liouls r.f Paining, fie. With Notes on the Copyi 
■ ■■■ li- mii Master, liv Pii.i.ir-r-L. Dahvl. as. fld-t 

: COURT, LUDOATB HU-V, ^..C. 
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12 WEALIS RITOIMENTARY SERIES. 

INDUSTRIAL AND USEFUL ARTsT 

1J. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By E. Dobsom, M.R.I.B.A. Illustrated, is. J 

6j. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. %Si.EDHUKnBECitiri,LL.D.,Q.C. Seventh Edition.revisedand- ™- 
large*!- Ik ooards. 

83". CONSTRUCTION OF DOOR LOCKS. Compiled from 

:.:■■■■ : . 

Additions by Robek. Jl.vn;. M.l.C.l;. UIw. >s.6d. 
161. THE BRASS SOUNDER'S MANUAL; Instructions 



Model! 



n-Makin| 



e. By Walibr Graham, h 
JOS- THE ART OF LETTER PAINTING MADE EASY. By 
J. G. BABBvcjch. Illustrated with 11 full-page Eimiavinfrs of Eiatnples. IS. 

115. THE GOLDSMITH'S HANDBOOK, containing full Instnic- 

■ II. HvGEOiini E.Gb*, i%.l 

125. THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for tlie AllovinE and Working of Silver. liy Geoxji E.Gib. JS.1 
*.* Tkt tu.11 irtcediux li'oris, in One hu«.i /■.: 11 ■■/./, ratified "Tin- 

Goi.rjs.umiVs SjivtRfiririi'.- Lojim.u ]. Hamiiimk," ;>. {JujI p^UAked, 

124. COACH BUILDING, A Practical Treatise, Historical 

Descriptive. Fly J. W. Iii mbss. is. 6d.t 
135. PRACTICAL ORGAN BUILDING. By W. E. Dice; 

M.A., Prerr-ntor of Ely Cathedral. Illustrated. 2s. 6d.t 
lit). THE HALL-MARKING OF JEWELLERY TRACTICA 

CONSIDERED. By Gsorge E. Gib. 35-i 



ttmw. 






MISCELLANEOUS VOLUMES. 

. A DICTIONARY OF TERMS usid m ARCHITECTURE, 
KL'iLDi NC,FNGIXt:ER INC, MINING, METALLURGY, ARCH/B' 
OLOGY. the FINE ARTS, Stt, Uy ]r.-,]iv -Wi-.'.i.;:. Mill] Edition. Kevised 
by Kobkkt Hunt, F.R.S. Illustrated. 51. limp; 6s. cloth boaids. 

.. THE LAW OF CONTRACT? FOR WORKS AND SER- 
VICES. By David Gibkons. I liird Edition, enlarged, ji.t 

. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. A Family Guide in all (." t ■ '■■ixcncj. "" " 

'. MANAGEMENT OF HEALTH. A Manual oi Home 

Personal Hygiene. By the Rev. Jahss B«iar>, B.A. u. 
i. LOGIC, Pure and Applied. By S. H. Eioiens. is. 6d. 
.SELECTIONS FROM LOCKE'S ESSAYS ON 
HUMAN UNDERSTANDING. With Notes by S. H. Eumbks. 
1. GENERAL HINTS TO EMIGRANTS. Notices of the various 

Fields for Emigration, Hints on Outfits, Useful Recipes, fie. as. 

. THE EMIGRANT'S GUIDE TO NATAL. By Robert 

Jambs Manm. F.R.A.S., F. U.S. .Second Edition. Map. IS. 

1. HANDBOOK OF FIELD FORTIFICATION, intended forlie 

Guidance of Oliictrs l'r.-].:,rl, ■■■; for Promotion. By Major W W. 



ea"d 
THE 



Khol 



k.li.S. Wil.l: 



. JM, 



Guide [0 Housekeeping. 
ierviuB-, Household Work, Dairy 
Cellarage of VT 



. r//£ HOUSE MANAGER: Being 
Practical Cookery, Pickling a-' "■ 

MMJKinn;. t].'.- I..M.- ..:..! I lo^n, v ,: „. 

rim! Wine-mnlsiris, the ilivul'..ii and !■ 

L a.ir.J.. :!■!!.; I';, , ....:,■.„.,. £<■. II) Ay till. Hi-.,, SttfiK. J.. t.i.I 

, HOUSE BOOK {Tim). Comprising:— I. The House Manager. 

& ByanCaoHausEHiir.rf.ii. 1 [. 1 >,,mi. <.!;.: Mfm :sr. liy K. Goonina.M.D. 
. I1I.SUk\(,iS:im c, I IKV iii. i'.y J. Uairb. [n One Vol., hall-bound, 6.. 
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AND CLASSICAL SERIES. 



EDUCATION AL AND CLASS ICAL SEEIES. 

HISTORY. 

i. England, Outlines of the History of; mote especially with 
roFcionce to the Origin and Profiles! of the English Constitution. Bj 
WiluAmP. I I I r Majesty's Public Record 

5. Greece, Outlines of the History of; in connection with the 

Rise of He Arts and Civilizaifoii in b i;r..|,e. 1',,-W. Dor.-i.As Hamilton, 
of University College, Loail.-n, ;■.,.. 1 I-ti'.i,iku "Llvii.*, II. A, if ILalliol 
College, O. ft.ro. is. ed. ; cloth boards, Js . M. 
7. Rome, Outlines of the History of i from the Earliest Period 

lo Ihe Christian Era and the DmmtnMnnl of the Decline of the Empire. 

I!y KmvAKii I .!■ vi:v-. ,,l r.M,i,\ C.j-!.- ,-..-. tji:,„d. Map, :;.'_,!.; 1 I. L.,K. js.frd. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to II. e l'r.-ienl Time. The Ct.ntiini.idon by 
W. D. Hamimov, F.S.A. .;=. ; ckdh boards, 3 s. 6d. 

50, Dates and Events in English History, for the use of 

Candidates in Public and Private Eliminations. By tlie Rev. E. Rami, is 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Intro:!,., I,-,:, to lb,- Study of Comparative Philology. Hy Hvni 
Clarke, D.C.I. . Fourth Edition, is. 6d. 
1 1 ". Philology : Handbook of the C urn para live Philology or English, 
Anglo-Sa.oii.Fnsi.iii, i!.rr,Ui or Dutch, Low or Piatt Dutch. High Dutch 
or German, Danish. Swedish, I, •,!.,, ■,,'.,,-, I. .■::,.lL.-b;, : ,,Fr-i u :h, Spanish, and 
Portuguese Tongues. By Hyde Ciarke. D.C.L. is. 

11. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clahke, D.C.L. 
3 i.6d.; cloth hoards. ,|S.i),l. ; cuniph/trwilti the GkAMNAR, cloth bds., Js,6d. 

48. Composition and Punctuation, familiarly Eiplained for 

those who have neglected the Study of Grammar. By JUSTIN Brknan. 

49. Derivative Spelling-Book: Giving theOriginofEveiy Word 

from the Greek, Latin, Sawn, Gorman. Teutonic, Dutch, French, Spanish, 
By J°RowBOl\i*Mf F.rtA.S. ImpraverTEdition^ .s. 6d. 

51. The Art Of Extempore Speaking; Hints for the Pulpit, the 

Senate, and the Bar. By M. F.autain, Vicar -General and Professor at the 
Sorb.mrii-. I.r:.n.b,i-.i! . ■....., .r.f.iliy corrected. 23. Oil. 

53. Mining and Quarrying, willi i!,e Sciences connected theie- 

with. First Bonk of, for Schools. By I. H. COLLINS, F.G.S., Lecturer to 
tie Miners' M- ;i-n 1.1 LHvi:-v.,n and Dl'vo,i. is. 

S3- Places and Facts in Political and Physical Geography, 

for Candidates in Eliminations. By the Kev. F.lv:an R.m.. li.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. Tovv].i,.hi S |.r,-n:... .,.■■ .! >..■■.■-,„■'..- 

ture and Notation, liv Wm. W. I'ikk and (irOROJ'. E. Webster. SJ. 

THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

Editedby.be Kot. A.I'~C.i!.iKr, TC.vic.ror Hitcham. and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 

Imhouucturv Priheh, id. 

t. J. I 1. J- 

Feest Standard .06 Fouiitii Standard . . 1 a 

Second „ . . o 10 Fifth „ . r fi 

Thjbd „ ..10 SlXTH „ . 16 

LlISDHS f»dm the IliKII. Parti. Old Testament. IS. 
Lrssnss Hf.M ii. k Hinrii. Part II. Ni-w Testament, to which is added 
Thi Geoobaphy of the Him.E, for very young Children. By Rw. C 
Thornton Forsteh. i>. :d. V Or the Two Parts in One Volute- -- 

7, stationers' hall court, ludgate hill, e.c. 



WIALES EDUCATIONAL AND 



FRENCH. 

34. French Grammar. With Complete and Concise Roles on the 

Gender, of French Nouns. Bj G. L. 5tr»uss, Ph.D. ... 6d. 
15. French-English Dictionary. Comprising a large number of 

Ntwltnniui,,! in r-:,^in«:rir. ; ... Mir.illjJ, ftr. My Alsked F...W8S. II. 63. 

36.. English-French Dictionary. By Alfred Elwks. as. 
15,16. French Dictionary (as above). Complete, in One Vol., 35.; 

cloth boards, js. W. ».* Or with the Grammar, cloth boards, 4s. 6d- 
47. French and English Phrase Book', containing Intro- 

j r ith Tran.Iation,. HveralTocahulariM of Words, a Col- 



' ' :■ . : 



GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse'. Theoretical and Practical Gramma., 1,y Dr. G. L. Strauss, >s. 6tL 

40. German Reader: A Series of Extracts, rarefuilv culled from the 

most approved Authors of Germany; with Notes, Philoloirieal and Ex- 
planatory, liy G. L. SrRAr.SH, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hauiitos. 

In 'three Parti, t'iirt I. German- French -English. Part II. Er,£]i ill -Ger- 
man-French. Fart lit. [''rcncb-Gernian- English. ).., or cloth Loiinls, ;>. 

41-43 German Triglot Dictionary (as above), together with German 

& 39 . Grammar (No. jq). in Om; V.ilum.:. cloth boards, S s. 



17. Italiai 

28. Italian Triglot Dictionary, • 

Italian and French Noun, arc carefully n 
Vol. r. Italian- En gltsb-J'rench. ss. 6d. 

30. Italian Triglot Dictionary, By A. Elives. Vol. 2. 

English -French -Italian, js. fid. 

3S. Italian Triglot Dictionary. By Alfked Ei.wfs. Vol. 3. 

!■■.... I- .-...:. ;■:■..... 

18,30, Italian TrigloL Dictionary (as above). In One Vol., 7s. 6d. 



SPANISH AND PORTUGUESE. 

H- Spanish Grammar, in a Simple and Practical Form. With 

■" n Course ,.flt !t r,i,.s. HyAtraecEtWs. ... 6d. 

35. Spanish-English and English-Spanish Dictionary 

4S. ; cloth board., ■;.. "." Or with tin: Ukam.'iaii, cl„th hoards, 6s. 
£5. Portuguese Grammar, in a Simple and Practical Form. 



So. Portuguese-English and English-Portuguese Dic- 
tionary Including i largo number of Technical Term. .; 
I'ligincorirm, *c, with tin: prop..'. Accents end he i.e.der of every Noun. 
By A.-fBEc Elwbs. jj. i cloth boards, 6s, *,* 0: with Uio Grauhii, 
cloth boards, 71. ^ 

HEBREW. 

46*. Hebrew Grammar. By Dr. Beesslaut. is. 6d. 
44, Hebrew and English Dictionary, Biblical and Rabbinical; 

^ -_._:__ .t- u...._ — 3 1-1...1.1..-, i.'.,..i, .'■ 1 1 ,.. m.i r..^t=,„^r,f p^-»_ 
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WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 1 5 

LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principle, of Translation and Construction. Ity the Rev. Thomas Goodwin, 
M.A., Heiil.ll.i.f-roii!,, (;r,-.->n,;,h Proprietary School. Is. fid. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 
12. English- Latin Dictionary; together with an Appendix of 

French anil Italian Words which nave their origin from the Latin. By tie 
Rev. Thomas Goodwi*. M.A. js. 6d. r 

10,22. Latin Dictionary (as above}. Complete in One Vol., 3s. 6d. 

cloth boards, as. 61]. ".- Or with the Grammar, cloth hoards, 55. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Ivstiacts from Classical Authors, 

trithGenealoglran- 1 1 I 1 1 n N ie .bvH.Yonno. is.6d. 

2. Ctesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, hy H. Young, is. 

3. Cornelius Nepos, With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica ct Georgica. Willi Noles on the Buco- 

lics by W. RusHTQN. M.A., and on the Geor £ ics by H. Youito. IS. 6d. 

5. Virgilii Maronis Mseu. With Notes, Critical and Explanatory, 

by H. YoL'MJ. New liillti-i. nii-e.l .mil ininuv.'rj With ,-..r,;,-.i;.i Addi- 
tional Notes by Rt:v. T. II. L.Lbary, D.C.L., lorrlicrly Scholar of Brasenoso 

6. Horace ; Odes, Epode, and Carmen fteculare. Notes by H. 

Yodno. is. fid. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

Rica Smith, MjV., F.R.G.S. is. fid. 

8. Salluslii Crispi Catalina et Bclliim Jitgurthinum. Notes, Critical 

and Explanatory, hy W. M. Donne, B.A., Trin. Coll., Cain. is. fid. 

9. Terentil Andria et 1 ieautontimonimenos. With Notes, Critical 

and E 1 plan at or j- , by the Rev. Jambs Davibs, M.A. IS. fid. 

10. Terentil Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jamss Bavius, M.A. 11. 

11. Terentii Ecnachu, Coma kH». Notes, by Rev. J. Dayies, M.A. 

u. fid. 

12. Ciceronis Oratio pro Sci 






13. Ciceronis Oationes in Calilinam, Verrera, et pro Archia. 

"With Introduction. Analysis, and Notes, Explanatory and Critical, l. v K,,-. 
T. H. L. Lbabv, D.C.L. formerly Scholar of Rrasenose College, U.furd. 

14. Ciceronis Cato Major, Lttlins, Brutus, sive de Senectute, de Ami- 

, ,|. in, ■-..: ' 1:s 1 J i. ,:„-.. U'iLliN.JtcstyW. BKOWKBiea Slitl-H, 

M.A.. H.R.G.S. =s. 
16. Livy s History of Rome. Notes by H. Young and W. B. Smith, 



19, Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Dosnb, M.A., Trinity College, Cambridge, js. 

20. Latin Prose Selections, from Varro, Columella, Vitmvius, 

Seneca, Quintilian, Horns, Velleius Patercutus. Valerius Mmhdu*. Sueto- 
nius, Apuleins, Ike. Not^s l.,y W. II. I'ci«r, M.A. *s. 
11. Juvenalis Satinc. Willi Prolegomena and Notes by T. H. S. 
Escott. B.A .Lecturer on Logic at King's Collage. London, il. 



YVEALES EDUCATIONAL AND CLASSICAL SERIES. 

GREEK. 

a accordance with the Principles and Philo- 

15,1;. Greek. Lexicon. Containing all the Words in General Use, with 



GREEK CLASSICS. With Explanatory Notes in English. 
1. Greek. Delectus. Containing Tr -'- 



14,15. Greek Lexicon (as above). Complete, with the Grammar, in 
17. One Vol., doth boards, 61. 

nth Explanatory Notes in English, 
iiiing Extracts from Classical Authors, 
1 nniTExplnoatory Notes, byH. Young. New 
.:nlni-[jed MipplsmaaUry Vocabulary, by lour, 
Ht'tCMISCN, JI.A.. -f LL.:- iiirtliStljoul,GIa.gow. is. 6d. 

i, 3. Xenophon's Anabasis; nr, The Kt-trrat of the Ten Thousand. 
Notes and a Geographical Register, by H. Volsg. Fartt, Be 
II. Parti. Bonks iv. tovii., is. 

4. Lucian's Select Dialogues. The Test carefully revised, with 

Grammatical and EsplanatoryNotcs, by H. Youwo. it. 66. 

-I!. Homer, The Works of, According to the Text of Baeitmi.ein. 

With Note*, Critical and Earpteaaftxy, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 



13. Plato's Dialogues : The Apology of Socrates, the Crito, and 

tbePhardo. Front tlio Tilt, ol C. V. H»mt,v,\. Edited with Notes, Critical 
and Explu ■. II. A. is. 

14-17. Herodotus, The lii.-Eoty of, chiefly after the Test of GaisfOrd. 
Witb Preliminary Observation! and Appendices, and Notes. Critical and 
Eiplat.atr.ry, by T. H. L. I.saky, M.A., D.C.L. 

Part I. Books L, ii. (The Clio and Euterpe), an. 

Parti. Hoots iii., iv. (The Thalia and MVlpumene), as. 

Fartj, Books v.- and I-limnial, 11. 

Part 4. Bonks vlii,, is. (The Urania and Calliope) anil Index, Is.Gd. 

tS. Sophocles: CEdipus Tyrannus. Notes by H. Young, ts. 

10. Sophocles : Antigone. From the Text of Dindohf. Notes, 

Critical and Explanatory, by the Rev. Jons MjutER, B.A. is. 
33. Euripides: Hecuba and Medea. Chiefly from the Text of Dru- 

nonF. With \, .!.<■. Critical and Explanatory, by W. Bmwsiuas Sunn, 

M.A., F.R.G.5. is. 6d. 
26. Euripides: Alcestis. Chiefiy from the Text of Dinoorf. With 

Notr.'-:. Critical and Explan.iL.irv, by Jules Jlltsun, K.A. is. od. 

30. ^EschyltiS : Prometheus Viuctus : The Prometheus Bound. From 

the Test of DlSDORP. Edited, witb Ent'liih Notes, Critical and Elplanatury, 
by the Rev. James Uavibs, M.A. is. 

31. -/Eschvlus: Septem Conttn Thebes : The Seven acainst Thebes. 

From the Tut of Dimjofp. Edited, with English Notes, Critical andEi- 
planatory, by the Itcv. Jajii:;, IIaviks, SLA. is. 

40. Aristophanes: Acharnians. Chiefly from the Text of C. H. 

Wmse. With Notes, hyC. S. T. Towssiiesd. M.A. n.6d. 

41. Thuoydides : History of Uie Peloponnesian War. Notes by H. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. JflWlTT. IS. M. 
.11. Dernt.sthenes. The Oration on the Clown and lite Philippics, 
With English Notes. By Rw. T. II. L. Lfary. D.C.L., formerly Scholar ol 
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